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PREFACE 

The following report has been prepared in support of the “Supplemental Investigation Work Plan 

for the Lower Housatonic River” under the Technical Support Services, General Electric (GE) 

Housatonic Project, Pittsfield, Massachusetts.  The methods used are available in public 

scientific literature and are thus non-proprietary.  Potential risk associated with the use or misuse 

of the methods or results from this study, outside the scope of this project, will be assumed by 

future investigators.  The author would like to acknowledge Mr. Robert Rogers for his assistance 

in preparing this report. 
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 INTRODUCTION 

The United States Environmental Protection Agency (USEPA) is currently characterizing the 

natural resources of the Housatonic River in portions of Pittsfield, Lenox, and Lee, 

Massachusetts.  The study area is approximately 19 K long and extends from Newell Street in 

Pittsfield to Woods Pond Dam in Lee.  It includes riverine habitats, floodplain wetlands, and 

uplands associated with the main-stem of the river.  Polychlorinated biphenyls (PCBs) that 

originated from the General Electric (GE) facility in Pittsfield have been found within the river 

and its adjacent floodplains (Woodlot Alternatives, 2001). 

The Housatonic River and its floodplains provide habitat for a wide variety of reptiles and 

amphibians, collectively referred to as herpetiles.  As many as 40 species of snakes, turtles, 

frogs, toads, and salamanders (Brandon, 1964) potentially occur in the study area (TechLaw, 

1998).  Breeding amphibians, including frogs, toads, and salamanders, use portions of the river 

and temporary and permanent pools, known as vernal pools, for courtship and egg laying.  These 

areas then support larval-age amphibians for periods ranging from several months to more than a 

year, depending on the species.  Wood frogs (Rana sylvatica), for example, metamorphose into 

the adult form in 2 to 3 months, while green frogs (Rana clamitans) can take over a year to 

complete metamorphosis (Duellman and Trueb, 1986; Hunter et al., 1992). 

Overall, the objective of this study was to determine if PCB or other contaminants of potential 

concern (COPC) adversely affected wood frog development, growth, and maturation in vernal 

pools located in the lower Housatonic River study area.  Wood frog egg masses, larvae, and 

metamorphs were collected from selected vernal pools varying in sediment PCB contamination.  

Egg masses were cultured in the laboratory using representative site water and sediment, and 

evaluated for development, growth and maturation.  Additional sets of larvae and metamorphs 

were collected from the respective vernal pools for examination.  Toxicological effects noted 

were then compared directly to sediment and tissue PCB levels, and in some cases other COPC 

tissue concentrations, in an effort to further determine the capacity of PCBs and other COPCs to 

disrupt various developmental processes in wood frogs.  Reproductive performance and 

developmental fecundity were measured by comparing egg mass size (weight and number of 
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eggs), viability/necrosis, fertilization, early embryogenesis, hatching success, mortality, 

morphological development (teratogenesis), and growth (linear length in larvae and weight in 

metamorphs). 

To document potential impact on longer-term developmental processes, exposure studies were 

conducted in the laboratory throughout metamorphosis.  Metamorphosis, because of the array of 

biochemical processes occurring simultaneously, is a sensitive stage in the life cycle of 

amphibians and a stage that is sensitive to endocrine disruption.  Since several classes of 

xenobiotics have been shown to alter thyroid function in metamorphosing frogs (Fort and Stover, 

1997a, Fort et al., 1999a and 1999b), this phase of the study was of great importance.  Inclusion 

of each endpoint in the present study generally covers the gamut of development from early 

embryo through metamorphosis. 

In this report, we present the results from a study designed to evaluate development, growth, and 

maturation of wood frogs collected from vernal pools in the Housatonic River study area 

potentially exposed to PCBs and other COPCs, including, dioxins/furans, polynuclear aromatic 

hydrocarbons (PAHs), and Appendix IX pesticides and heavy metals.  This “2000 Rana sylvatica

Vernal Pool Study” was conducted in conjunction with the “2000 Rana pipiens Reproduction 

and Development Study” (Fort Environmental Laboratories, 2003) that was originally proposed 

as a component of the “Supplemental Investigation Work Plan for the Lower Housatonic River”.  

Further, the present study provided assurance that adequate data on amphibian development was 

collected in the event that insufficient developmental data from the “2000 Rana pipiens

Reproduction and Development Study” were collected.  Overall, frogs were chosen as the 

representative amphibian species due to their presence in the Housatonic River study area, 

reported sensitivity to PCBs, high potential for exposure due to both aquatic and terrestrial life 

stages, and capacity to be evaluated for reproductive and developmental metrics in the field and 

laboratory (Bonin et al., 1995; Huang, et al., 1998; Huang et al., 1999; Johnson et al., 1999; Jung 

and Walker, 1997; Pollard and Adams, 1988; Rosenshield et al., 1999; Russell et al., 1995).

Because frogs are considered sentinels in the environment, selection of frogs for this study was 

further warranted. 
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APPROACH

Study Overview 

An overview of the present study is provided in Figure 1.  In summary, this study was divided 

into three distinct, but complementary phases.  Phase I involved laboratory culture of field-

collected egg masses.  In the main study, egg masses collected from selected target site and 

reference site vernal pools were cultured in natal pool sediment/water in the laboratory.

Endpoints selected to evaluate the fecundity of the test specimens were based on three broad 

developmental periods; egg mass, larval, and metamorph stages (see Figure 1).  In addition, 

supplemental investigations including a crossover exposure study and Aroclor 1260 spiking 

study were performed.  In the crossover exposure study, reference site larvae were exposed to 

target site vernal pool media and conversely, target site vernal pool larvae were exposed to 

reference site media.  The objective of this supplemental investigation was to evaluate the 

importance of maternal PCB transfer and environmental accumulation of PCBs and other COPCs 

as exposure pathways, based on accumulation and the biological responses observed.  The 

primary objective of the Aroclor 1260 sediment spiking study was to determine the potential of 

this commercial PCB mixture to affect developmental fecundity in a controlled laboratory 

setting.  Phase II involved field collection of larvae during four events, each separated by several 

weeks.  Larvae were examined for malformations and growth.  Phase III involved field collection 

of metamorphs during one discrete event.  Specimens were examined for external malformations, 

internal abnormalities, gender (sex ratio), and weight.  Tissue samples of individual egg masses, 

larvae, and metamorphs from Phase I, individual larvae from Phase II, and a composite of 

metamorphs from Phase III were analyzed for total PCBs.  Phase III metamorph composite 

samples were also analyzed for PCB congeners, PAHs, dioxins and furans, and Appendix IX 

pesticides and metals. 

Selection of Test Species 

The species selected for this study was the wood frog (R. sylvatica).  Wood frogs are abundant in 

the Housatonic River study area (Techlaw, 1998) and constitute an important component of the 
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Housatonic River ecosystem.  Wood frogs have a limited home range, spending a significant 

proportion of their early life stages in aquatic environments, particularly vernal pools (Hunter et 

al., 1999).  Thus, PCB and other COPC body burdens in these animals reflect the diet, sediment, 

and water column concentration in the areas from which they were collected (Stebbins and 

Cohen, 1995).  Also, because wood frogs lay thousands of eggs, it was possible to collect a 

sufficient number of eggs to ensure confidence in study results.  Finally, an established peer-

reviewed methodology for ranid embryo culture in the laboratory was available (Dickerson, 

1969; Nussbaum et al., 1983; Carolina Biological Supply Company, 1993; Nieuwkoop and 

Faber, 1994; Fort and Stover, 1996a; Fort and Stover, 1996b; ASTM, 1998; Bantle et al., 1998; 

Ankley et al., 1998). 

Wood frogs typically emerge from hibernation near the end of March and begin breeding soon 

there after.  Unseasonably warm weather may accelerate this process such that migration of 

gravid females could occur prior to the planned field collection period.  However, unseasonably 

cold weather or dry conditions may postpone breeding for several weeks.  Adult wood frogs 

typically amplex near the edges of vernal pools and release egg masses within the pools.  The 

bulk of the adult female wood frog diet prior to breeding consists primarily of insects.  Weather 

conditions prior to field collection were closely monitored to determine when to initiate 

collection efforts.  Prior to conducting fieldwork, appropriate scientific collecting permits for the 

study described in this work plan were obtained from the Commonwealth of Massachusetts, 

Division of Fisheries & Wildlife (MNHESP, 1997). 

Sampling Strategy 

Nine vernal pools containing varying levels of PCB contamination and three vernal pools 

locations within designated reference areas were originally selected for sampling to ensure a 

broad distribution of PCB concentrations.  The locations were not intended to be completely 

representative of the entire river, but rather were intended to encompass the range of sediment 

PCB levels in the Lower River.  The reference and target site sampling locations selected are 

illustrated in Figures 2 and 3, respectively. 
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The vernal pools selected for use in this study were verified to represent wood frog habitat.

Selection of pools for this study was based on existing ecology (Techlaw, 1998; Woodlot 

Alternatives, 2001) and PCB contamination data.  Further, the vernal pools in the study area 

were mapped and characterized prior to sampling using methods developed by Kenney (1995) 

for Massachusetts.  This information included size and depth of pools, and species utilizing the 

pools for breeding (Woodlot Alternatives, 2001).  Additionally, pool permanence (i.e., water 

available in pool long enough for wood frogs to complete reproductive cycle), location, and PCB 

concentration were used as selection criteria.

Each pool was surveyed to locate wood frog egg masses.  Larval wood frog collection began 

circa early April 2000 and end with metamorph collection in late August 2000.  Care was taken 

to ensure that only the amounts of specimens necessary to complete the study were captured.  

Project scientists minimized pool disturbance regardless of the method employed. 
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MATERIALS AND METHODS 

Project Participants 

The laboratories and consulting groups that participated in this study were Woodlot Alternatives 

(Topsham, ME), Weston Solutions (Pittsfield, MA), The Stover Group (Stillwater, OK), the 

Texas A&M University Geotechnical and Environmental Research Group (GERG) (College 

Station, TX), EVS Environment Consultants (North Vancouver, BC, Canada), and Fort 

Environmental Laboratories (Stillwater, OK). 

Woodlot Alternatives was responsible for the initial ecological characterization (Woodlot 

Alternatives, 2001), designation of sampling sites, and collection of biological specimens from 

the field.  Weston Solutions collected water and sediment samples, provided a clearinghouse for 

submission of samples for analytical chemistry analysis to the contract laboratories, and 

maintained analytical and biological databases.  GERG was responsible for conducting COPC 

analyses with water, sediment, and tissue samples.  Culturing and monitoring of developing 

embryos, larvae, and metamorphs were performed by The Stover Group.  Fort Environmental 

Laboratories completed data collection and review, including an external assessment of 

malformation and necropsy, data processing, data analysis, and reporting.  EVS Environment 

Consultants assisted with statistical analysis and review of the draft reports. 

Materials 

The following equipment was used to collect specimens and water and sediment samples from 

the field:  camera, binoculars, field notebooks, rubber knee- and hip-boots and chest waders, 

heavy-duty rain gear, eye protection, rubber gloves, GPS receiver, aquatic funnel traps, 2 D-ring 

dip net, dissecting tray, chemically clean sample jars (two-liter and four-liter size), survey 

flagging, Ziploc-type bags, wet and dry ice, aluminum foil, hardware cloth (for drift fences), 

shovels, post-hole digger, brush cutters, pitfall traps (each composed of two #10 metal cans), 
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heavy-duty stapler and staples, coolers for shipping samples, vermiculite, HOBO data loggers, 

and conductivity, DO, and pH meters. 

Methods 

Field Procedures 

The estimated area, mean depth, and PCB concentration for the nine study area vernal pools and 

three reference pool originally considered for the study are presented in Table 1.  Sediment 

samples (0 to 5 cm from ground surface) were collected from vernal pools in the study area and 

analyzed for total PCB concentration.  Zero to 5 cm represented a reasonable sampling depth 

based on the interaction of the test specimens with the sediment.  Larval hatching, development, 

growth, and metamorphosis of wood frogs within the vernal pools exhibiting a range of sediment 

PCB concentrations, from no measurable sediment PCB contamination to relatively high PCB 

concentrations within the study area, were then studied. 

A summary of the samples collected and sample sizes is provided in Table 2.  In this design, 

wood frog egg masses, larvae, and metamorphs were collected.  In Phase I, six separate egg 

masses were collected from each pool during one sampling event.  In Phase II, larvae were 

collected in each of four sampling events from each vernal pool.  Likewise, in Phase III, 

metamorphs were collected from each vernal pool.  In addition, composite water samples and 

composite sediment samples were collected (see Collection of Sediment and Water Samples, 

page 9) from each site during the egg mass collection event (Phase I) for organism culture 

(renewal) and chemistry.   

Methods of Specimens Collection 

Egg masses were carefully scooped into specimen jars such that the integrity of the mass was not 

altered.  The sampling team captured larvae using several techniques, including dip nets and 

aquatic funnel traps, and pitfall traps for metamorphs.  The specimens were delivered to the 
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processing area (Weston Solutions Laboratory, Pittsfield, MA) in separate containers labeled 

with location and date of collection.  Larvae were carefully placed in specimen jars and 

completely filled with the appropriate site water to ensure desiccation did not occur.

Metamorphs were placed into 24-L Styrofoam coolers lined with moist Sphagnum moss for 

shipping to the laboratory.  Perforated lids were securely affixed to the coolers with duct tape to 

prevent escape and the coolers were labeled. The amount of time lapse between specimen 

collection, processing, and receipt of the specimens by The Stover Group was within 48-h. 

Prior to delivery to The Stover Group, the coolers containing the specimens were kept in air-

conditioned rooms with temperatures ranging from 10 to 15  C (Weston Solutions Laboratory, 

Pittsfield, MA).  The water used for maintaining the specimens during transportation was 

collected from the pools where they were collected.  For the metamorphs, sphagnum moss was 

changed as needed and kept moist.  Representatives of the laboratory were available during the 

collection to assist in making decisions on sampling if additional sampling locations are needed 

or the number of specimens requested cannot be achieved for any reason.  Specimens were 

shipped to the lab the same day collected.  The specimens were shipped by a priority overnight 

(24-h) service that offers a ground service, or by a commercial carrier offering air transit of live 

specimens.  Packaging of the specimens (metamorphs) with moss and water was adequate to 

ensure successful arrival. 

Collection of Sediment and Water Samples 

Sediment and water column samples were collected at each vernal pool.  Initially, six 4-L grab 

samples of water and four 2.5-Kg (ca. 1-L) grab samples of sediment were collected at each 

location (8-VP-1, 18-VP-2, 23b-VP-1, 23b-VP-2, 38-VP-1, 38-VP-2, 46-VP-1, 46-VP-5, WML-

1, WML-2, and WML-3) by Weston Solutions and composited by vernal pool in accordance 

with the methods specified in the Field Sampling Plan (Weston, 1998).  A second set and third 

set of water samples were later collected from the vernal pool sites, with the exception of the 

three reference pools (WML-1, -2, and –3), following the aforementioned sampling methods.  

The second sampling event was identical to the initial event.  Because of concerns of depleting 

water levels at some of the vernal pool locations, the third and final water collection event 
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consisted of four 200-250 gal. carboy containers.  Two of the carboys, designated as Hubbard 

and Pomeroy, contained water from vernal pool locations other than the vernal pools targeted for 

study.  Hubbard represented water from sites with sediment total PCB concentrations of less than 

1.0 mg/Kg (23b-VP-1 and 23b-VP-2).  Pomeroy represented water from sites with sediment total 

PCB amounts greater than 1.0 mg/Kg (8-VP-1, 18-VP-2, 38-VP-1, 38-VP-2, and 46-VP-5).  The 

third carboy contained water from site 46-VP-1.  The fourth carboy contained water from 

reference site WML-1 and represented all three reference sites.  The water and sediment samples 

were used to culture the specimens collected and conduct general water physicochemical 

analyses.  One-L of the composited water sample from each pool from each sampling event was 

used for physicochemical analysis.  Duplicate samples were collected for analytical analysis and 

QA as necessary. 

Sample Documentation and Labeling 

Field notes were recorded in a logbook in accordance with the field sampling plan (Weston, 

1998).  Each specimen was identified in the logbook using a unique 16-digit sample 

identification number.  Sample nomenclature methodology was specifically described in the 

QAPP (Weston, 1999).  The label coding system was not explained to biological laboratory 

personnel (The Stover Group) to ensure that they remain blind as to the origin of a given animal.  

Global positioning system (GPS) data were collected so that the geographical coordinates of the 

collection locations were identified.  Specific documentation of habitat within each location was 

provided using digitally collected images and written field observations.  In addition, analytical 

samples were recorded in a logbook using labeling consistent with that specified in the QAPP 

(Weston, 1999). 

Sample Preservation and Shipping of Tissue Samples 

Following examination and/or culture of the specimens, samples were euthanized, frozen, and 

packaged for shipment to Weston for tissue analysis.  Specimens to be analyzed for analytical 

parameters, including PCBs and other COPCs, were packaged as described below following snap 

freezing in liquid nitrogen at The Stover Group. The frozen egg samples were returned to 
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Weston Solutions (Pittsfield, MA Laboratory) for submission to the contract analytical chemistry 

laboratory.  The frozen masses, larvae, and metamorphs were shipped on dry ice to the analytical 

laboratory in ice chests that were labeled in accordance with ERT/REAC SOP #2002 (EPA, 

1994).  The ice chests were placed into polyethylene bags (one sample per bag), which were then 

sealed and placed into U.S. Department of Transportation (DOT) approved fiberboard boxes 

lined with plastic sheeting, bubble wrap, and sufficient vermiculite to absorb any potentially 

leaking material.  All outer packing materials were also perforated to allow gas exchange.  One 

chain-of-custody form (in triplicate) was placed into a watertight bag and taped to the inside of 

the lid of each cooler.  In accordance with DOT regulations, the lids were slightly perforated to 

allow for release of carbon dioxide gas as the dry ice melts.  In this case, the ice chests were then 

placed into cardboard boxes that have also been perforated to allow gas release.  The boxes were 

securely taped and appropriately labeled according to the courier’s protocols.  International Civil 

Aviation Organization regulations stipulated that any volume of dry ice is a Class 9 

Miscellaneous Hazardous Good (IATA, 1993).  In order to provide a means by which the entire 

path of a sample can be traced, a chain-of-custody record was be maintained from the time a 

sample was collected through analysis or hatching, as specified in the QAPP (Weston, 1999). 

Laboratory Procedures 

Approach

The laboratory procedures used in the present study are described in the following sections.

Because the primary objective of this study was to collect additional developmental effects data, 

each of the three primary developmental life stages; fertilized egg or egg mass, larval 

development, and metamorphosis were considered.  Each of these three primary life phase was 

assigned a phase to the project, such that Phase I evaluated eggs masses, Phase II evaluated 

larval development, and Phase III evaluated metamorphosis.  In order to more fully evaluate 

wood frog development, representative samples of eggs masses collected during Phase I were 

also cultured in the laboratory thorough metamorphosis in water and sediment from the vernal 

pool from which they were collected.  Laboratory culture of the collected egg masses also 

allowed crossover exposure and sediment spiking studies to be performed.  In the crossover 
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studies, egg masses collected from contaminated sites were cultured in reference site water and 

sediment media, and egg masses collected from reference sites were cultured in contaminated 

site media.  These crossover studies sought to determine the significance of transgenerational 

toxicant transfer (maternal transfer) to the developing progeny relative to environmental 

exposure in terms of toxicological effects and toxicant accumulation.  PCB spiking studies in 

which reference site sediment was spiked with 30 mg/Kg of Aroclor 1260 and exposed to a 

subset of developing wood frog hatchlings from the reference site was also conducted to help 

more specifically determine the effects of PCB exposure on wood frog development and 

establish the potential for bioaccumulation.  In contrast to Phase I, which involved culture of 

field collected egg masses in the laboratory, Phases II and III only evaluated specimens collected 

from the field at each respective life stage and did not involve laboratory culturing. 

Phase I – Egg Mass Viability, Larval Development and Maturation in Culture 

Egg Mass Viability 

Six egg masses were collected for study from each of the vernal pools with the exception of site 

39-VP-1 as identified in Table 1.  No wood frog egg masses were found throughout the study in 

vernal pool 39-VP-1 (52.0 mg/Kg sediment total PCBs).  Upon arrival at the laboratory, all 

samples were logged into the Laboratory Information Management System (LIMS).  Egg masses 

were immediately transferred to individual 4-L containers (one egg mass per test vessel) with the 

appropriate vernal pool water.  In order to maintain adequate dissolved oxygen (DO) levels, each 

sample chamber was aerated.  Preliminary data were then collected and recorded in the Phase I 

notebook.  This data consisted of an evaluation of, egg mass weight, approximate egg count, 

fertilization, and necrosis.  Approximately 25% of each egg mass was sectioned, weighed, snap 

frozen, and stored for PCB analysis. 

Each individual egg mass was cultured in the 4-L containers at 23  1  C and DO > 6.0 mg/L.  

Test vessels were placed randomly on test racks in accordance with the randomization chart 

provided in Appendix E.  Randomization charts represented a completely redomized design.  

Cultures were monitored daily.  During this evaluation of early development, egg masses were 

cultured and observed until hatching was complete.  This evaluation included determination of 
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the number hatched, the number of unhatched/necrotic eggs, and other abnormalities during early 

embryogenesis. 

The embryos were expected to hatch within 7-10 days (Gosner, 1960).  Embryos were not fed 

during the 7-d pre-hatch observation period, since the yolk sac that remains prior to hatching 

provided sufficient nourishment for the first 7-10 days following fertilization.  After hatching 

was completed, the spent egg mass gelatin was snap frozen in liquid nitrogen and stored frozen 

for possible tissue analysis.  Once hatched, larvae from each egg mass were photographed and 

digitized prior to being reared in 4-L containers with the appropriate site water and sediment.  

The remaining larvae not used in the larval development and maturation study were snap frozen 

in liquid nitrogen and stored frozen for tissue analysis.  Larvae were then monitored for 

developmental abnormalities.  Malformed larvae were also documented photographically.  

Photographs were taken approximately every 7-10-d until the larvae had undergone metamorphic 

climax.  These photos were digitized for a comparison of average growth rates.   

Larval Development and Maturation 

For the culturing portion of Phase I groups of approximately 100 hatchlings from each egg mass 

(n=6) from each pool described in the preceding section were placed in each of 4 replicate 4-L 

exposure chambers (25 per replicate vessel) for monitoring throughout metamorphosis.  Because 

it could not be assumed that the primary source of PCBs to the developing embryos was via 

maternal transfer to the egg during oogenesis, it was necessary to add site or reference site water 

and sediments to the test vessels.  Furthermore, based on its composition, it was likely that the 

jelly coat surrounding the embryo would not completely prevent passage of PCBs or other 

COPCs to the developing embryos.  Nylon mesh inserts were inserted into the exposure vessels 

at the sediment/water interface prior to the addition of the hatchlings.  The mesh insert allowed 

easy retrieval and observation of the larvae during observation periods by gently lifting the mesh 

insert while allowing direct contact with the sediment.  Approximately 200-g of sediment (wet 

weight) was placed in the bottom of each 4-L container, the exposure inserts added, and the 

vessels filled with 3-L of the appropriate site water.  This represented a 1:15 ratio of sediment to 

test water.  Although this ratio of sediment to water was less than that typically used in similar 

studies (Fort and Stover, 1997b), the high amount of decaying organic material in the sediment 
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samples made it physically impossible to achieve a greater ratio of sediment to water.  This 

represented a fairly realistic exposure scenario in the laboratory (Fort and Stover, 1997b).

Vessels containing embryos from reference and target areas were discretely labeled and then 

randomly distributed within an incubator.  Laboratory personnel were blind to the origin of the 

embryos in each test vessel.  Adequate pH (ca. 7.0-7.5) in the cultures were maintained at all 

times, as well as a temperature of 24 1  C.  Although each culture vessel was aerated, dissolved 

oxygen was monitored and was not allowed to drop below 6.0 mg/L.  The test chambers were 

maintained on a 12-h day/12-h night cycle, and renewed as needed to account for evaporation 

and to maintain a constant water volume.  Sediment was changed as needed.  Dead embryos 

were removed, counted, and recorded daily.  The water and sediment samples used, including the 

specific weight of sediment, are provided in Appendix A. 

Morphological evaluation of the developing larvae was conducted either at the end of an 

observation period or upon the death of the juvenile or embryo.  These observations continued 

until the specimens either metamorphed or died.  The following specific abnormalities were 

recorded: hemorrhage; axial malformations; blistering and edema; and abnormal development of 

the gut, head, face and eye, heart, and brain.  Growth (length for larvae and weight for 

metamorphs) was also measured. 

Dead larvae were assigned numbers for tracking.  They were then snap frozen in liquid nitrogen 

and stored frozen for further evaluation, including possible tissue residue analysis.  After 

metamorphic climax, all larvae were photographed, reviewed for abnormalities, and snap frozen 

in liquid nitrogen for possible tissue analysis. 

Crossover Exposure Studies 

In an effort to examine the role of transgenerational transfer of PCBs from the mother to the 

offspring relative to the impact of environmental exposure during development, hatchlings from 

the reference sites were exposed to contaminated site water and sediment.  Reciprocally, 

hatchlings from contaminated sites were exposed to reference site water and sediment.  For these 

studies, approximately 250 hatchlings from reference site WML-2 were cultured in 10 replicate 

4-L chambers containing water and sediment from test site 38-VP-2 and approximately 250 
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hatchlings from reference site WML-1 were cultured in 10 replicate 4-L chambers (25 organisms 

per replicate) containing water and sediment from test site 38-VP-1.  Reciprocally, 

approximately 250 hatchlings from test site 38-VP-2 were exposed to reference site WML-2 

water and sediment and approximately 250 hatchlings from test site 38-VP-1 were exposed to 

reference site WML-1 water and sediment in each of 10 separate 4-L replicate chambers (25 

organisms per replicate).  For each crossover treatment, organisms were randomly selected from 

a composite of organisms from each of 5 randomly selected egg masses from each respective 

site, with the exception of the reference site WML-1 organisms seeded into site 38-VP-1 media.  

In this case, composited organisms from 5 randomly selected egg masses were randomly placed 

in each of 8 replicates instead of 10, due to a shortage of specimens.  A similar 1:15 ratio of the 

respective site sediment to site water was used in both crosses as used in the general Phase I 

culture study.  As with the main developmental study, test vessels were placed randomly on test 

racks in accordance with a randomization chart (Appendix E), which represented a completely 

randomized design.  Cultures were prepared and maintained as described in the previous 

exception.

Aroclor 1260 Spiking Study 

As a means of evaluating the potential toxicological effects of Aroclor 1260 on larval 

development, reference site sediment from site WML-3 was analytically spiked with Aroclor 

1260 at a concentration of 30 mg/Kg.  A random selection of 100 hatchlings from a compsite of 

5 egg masses from reference site WML-3 were placed in each of four replicate 4-L vessels (25 

hatchlings per chamber) and exposed to water and 30 mg/Kg Aroclor 1260-spiked sediment from 

reference site WML-3.  A set of 100 randomly selected hatchlings was also exposed to unspiked 

WML-3 sediment in the same format described above.  Aroclor 1260 spike treatment test vessels 

and reference site vessels were placed randomly on test racks in accordance with the 

randomization charts provided in Appendix E.  These charts also represented a completely 

randomized design. 
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Phase II - Larval Evaluation 

Four sampling events, designated Events 1-4, and spaced ca. 3 weeks a part were performed so 

that the majority of larval development was considered.  Larval specimens were collected from 

each vernal pool during the four events for evaluation in the laboratory.  Upon receipt by The 

Stover Group, all samples were logged into the LIMS.  All live larvae were then photographed 

and digitized for length (growth).  At this time, The Stover Group personnel reviewed each 

specimen for abnormalities and the results were recorded.  The following specific abnormalities 

were specifically evaluated: hemorrhage; axial malformations; blistering and edema; and 

malformation of the gut, head, face and eye, heart, brain. 

Phase III - Metamorph Evaluation 

Two sets of at least 50 metamorphs were collected per vernal pool for evaluation in the 

laboratory with the following exceptions: 8-VP-1, with one set of 5 specimens; WML-41, with 

one set of 39 specimens; and 39-VP-1 and WML-2, where no metamorph specimens were found.  

Upon receipt by The Stover Group, all samples were logged into the LIMS.  All live 

metamorphic wood frogs were photographed and the weight of each frog was recorded.  After 

initial observation, photography, and weighing, a random selection of ca. 10% of the specimens 

collected were snap frozen and stored frozen for tissue analysis.   Due to the fact that no rearing 

was involved, dead specimens arriving at The Stover Group were dealt with in the same manner 

as live metamorphs, providing sufficient integrity of the specimens had been maintained.       

Because of the time required to adequately necropsy each of the individual specimens collected 

from each site, specimens marked for necropsy were preserved in 3% (w/v) formalin.  Specimens 

were necropsied, with photographic documentation of any specific abnormalities.  Specific 

attention was focused on the differentiating gonadal tissue, with an assessment of tissue type, 

phenotypic sex, and potential viability.  Viscera, including gut, liver, and kidneys were also 

examined for abnormalities.  The specimens were prepared for a ventral incision.  A 5-10 cm 

incision was made through the skin, starting immediately anterior to the vent and proceeding in 

an anterior direction through the sternum.  Care was taken to only cut the skin by lifting the skin.
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Two transecting incisions were made at the ends of the primary incision and skin peeled back to 

expose viscera.  The primary organs were examined for general health, tumors, lesions, lesions, 

discoloration, shape, parasites, and position.  The examination was initiated with the lower GI 

tract, including the rectum, intestines, and stomach, and proceeded to the liver, spleen, kidneys, 

and the reproductive organs.  The incision was continued in an anterior direction to expose the 

lungs, heart, and upper GI tract, as necessary.  The brain and eyes were examined by making a 

dorsal incision through the palate.  In some cases, fatty tissue and bone fragments were removed.  

Once the examination was completed, the specimens were frozen at –20 C.  Digital pictures of 

the whole animal and necropsy findings were prepared and filed in the data records. 

Analytical Analyses 

Analysis of total PCBs was conducted on site composited sediment and water samples, and 

Phase I egg mass section (grab from an individual egg mass) and metamorph (composite of 

specimens generated from an individual egg mass) samples.  Phase II larvae (composite of 

specimens generated from an individual egg mass) samples were also analyzed for total PCBs.  

COPC analysis (total PCBs, Aroclor-specific PCBs, PAHs, dioxins/furans, and Appendix IX 

organochlorine pesticides and metals) was performed on Phase III metamorphs, composited by 

individual site.  Tissue samples were processed by The Stover Group, Fort Environmental 

Laboratories, and Weston Solutions and returned frozen to Weston Solutions for shipment to 

GERG for total PCBs and other COPC analysis.  The Stover Group analyzed the water 

composite samples for general water quality parameters, including DO, pH, hardness, alkalinity, 

conductivity, ammonia-nitrogen, and nitrate/nitrite-nitrogen. 

Data Analysis 

Data Collection 

For Phase I embryo-larval development and maturation, mortality, malformation, and growth 

were determined for the test and reference sites using a dissecting microscope (Fort et al., 1995, 
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1996b and 1997a; ASTM, 1998).  Types of abnormalities and developmental stage relative to 

days in culture were also determined.  For Phase II, malformation and growth endpoints were 

evaluated.  Malformation frequencies, necropsy findings, sex ratios, and growth were measured 

in Phase III.  The relative rate of development was captured using a Sony CCD-iris high-

resolution color digital video camera.  A Pentium 800 MHz computer with image processing 

software and a FlashPoint 128 (Integral Technologies, Inc., Indianapolis, IN) video frame 

grabber was used to digitize test specimens throughout the study.  A ruler videotaped with the 

larvae was used to correct for image distortion and calibrate the length-measuring program to 

ensure accurate measurements of the larvae.  Head-to-tail or snout-to-vent lengths were 

measured using Sigma Scan (SPSS, Corte Madera, CA). 

As an initial step in the evaluation, a database was developed for each vernal pool for each phase 

of study.  This database was developed in spreadsheet format and sorted by pool and by 

specimens groups.  The database included the following information:  identification number of 

the vernal pool, egg mass, necrosis, number of eggs, fertilization rate, mortality incidence, 

abnormality incidence by type of deformity and total number, abnormalities occurring during 

metamorphosis, sex ratio, and PCB concentrations in the associated vernal pool sediment and 

tissues.  The Quality Assurance Unit (QAU) verified the accuracy of the data sets prior to 

statistical evaluation.  EVS Environment Consultants and Terrastat Consulting Group (Everett, 

WA) provided an additional external QA review of the data sets. 

Statistical Analysis 

Hypothesis Testing 

 Statistical evaluations of differences in outcomes between respective crossover study treatments, 

or treatments associated within the Aroclor 1260 spiking study, were evaluated based on 

homoscedastic t-tests (1 tail, 0.05), providing the data sets were found to be normally distributed 

with homogeneous variance using ToxCalc 5.0 (Tidepool Scientific Software, 1994).

Proportional data was transformed using an arcsine squareroot transformation prior to formal 

statistical evaluation.  Normality of data set distributions was determined by the Shapiro-Wilks 
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test.  For non-normally distributed data sets, non-parametric tests, such as the Wilcoxon Two 

Sample test (1 tail, 0.05) and Kruskal-Wallis one-way ANOVA (P=0.005), were used.  To be 

ecologically conservative, no adjustment to the significance level was performed during this 

analysis.  Conclusions based on the hypothesis test were further examined with respect to 

biological significance. 

Correlation Analysis 

Spearman’s Rank Correlation analysis was used to establish relationships between PCB 

concentrations and biological effects observed, larval and metamorph tissue and egg mass PCB 

concentrations and sediment PCB concentrations, and the biological endpoints evaluated in this 

study.  As with the hypothesis test, data sets were evaluated for normality prior to correlation 

analyses.
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RESULTS 

Sample Collection 

Chain-of Custody documents are provided as Appendix B.  Results from sample collection 

efforts are documented in a master specimens inventory list provided in Appendices C, D, and E.

With the exception of site 39-VP-1 (52.0 mg/Kg sediment total PCBs) in which no specimens 

were found, the remaining 11 sites (8 target and 3 reference) produced an adequate number of 

specimens to fulfill the sampling requirements necessary to complete this study. 

Vernal Pool Water Quality Characteristics 

Results of water quality characterization of samples collected from the pools during field 

collection and samples collected for the culturing portion of Phase I studies are reported in Table 

3.  Generally, aquatic habitats suitable for amphibians are of low to moderate hardness and 

alkalinity, with near neutral pH to slightly alkaline pH, and adequate levels of dissolved oxygen 

(> 4 mg/L).  Little is currently known about trace mineral requirements, although the presence of 

calcium, magnesium, and potassium ions appear to be important.  Excessive levels of ammonia 

and nitrite can be deleterious.  However, the general water quality characteristics of the vernal 

pool samples were similar and consistent with normal aquatic habitat requirements for most 

amphibians, including R. sylvatica (Rowe et al., in press; Stebbins and Cohen, 1995). 

Water, Sediment, and Other COPC Analyses 

Results of water, sediment, and tissue analyses are provided as Appendix F.  A summary of these 

results is presented in Table 4.  It should be noted that the sediment chemistry data presented for 

the present vernal pool studies represented the average of two individual samples with the 

exception of 38-VP-1, which were collected approximately one month apart (April and May, 

2000).  These data were collected in support of the present ecotoxicological studies.  No 

sediment data collected prior to the initiation of the two amphibian studies were included in the 



FEL – Lower Housatonic River Project 21

sediment chemistry values presented in either developmental determinations of contaminant 

effects on amphibian populations (i.e., spatially weighed vernal pool and backwater habitat data 

used in the evaluation of concentration/response relationships).  Use of additional data in the 

interpretation of relative risk of COPCs is beyond the scope of these studies. 

Analyses included PCBs (aroclors and total), dioxins and furans, and Appendix IX pesticides on 

all samples, with the addition of Appendix IX semi-volatiles (including PAHs) and metals on the 

sediment samples collected in May 2000. The sediment total PCB values used for the present 

study were based on an average of the two sediment samples collected for each vernal pool. All 

chemistry values are reported as dry weight for sediment samples and wet weight for tissue 

samples. The initial sediment total PCB values (for samples collected April 4-10, 2000) ranged 

from 0.12 mg/Kg (23b-VP-1 and 23b-VP-2) to 94.0 mg/Kg (38-VP-2). The remaining vernal 

pool sediment tPCB concentrations were: 0.87 mg/Kg (46-VP-1), 3.6 mg/Kg (46-VP-5), 5.2 

mg/Kg (18-VP-2), 12.0 mg/Kg (8-VP-1), and 38.0 mg/Kg (38-VP-1). Total PCB at station 39-

VP-1 was 52.0 mg/Kg; this station was not sampled in May 2000. Total PCB measures at the 

three reference stations were all rejected (as per Weston Solutions data qualifier). 

The sediment total PCB values from the second sampling event (for samples collected May 2-19, 

2000) ranged from 0.098 mg/Kg (23b-VP-2) to 30.0 mg/Kg (38-VP-2). The remaining vernal 

pool sediment tPCB concentrations were: 0.25 mg/Kg (23b-VP-1), 0.13 mg/Kg (46-VP-1), 0.75 

mg/Kg (46-VP-5), 6.9 mg/Kg (18-VP-2), 17.0 mg/Kg (8-VP-1), and 18.0 mg/Kg (38-VP-1). 

Total PCB measures at the three reference stations were all below detection limits (DL range = 

0.07 to 0.13 mg/Kg). 

Average vernal pool sediment total OC-pesticides ranged from 0.02 mg/Kg (23b-VP-1) to 3.6 

mg/Kg (39-VP-1). Reference site total OC-pesticide concentrations ranged from 0.02 to 0.07 

mg/Kg (values are based on ½ detection limit, as all pesticide concentrations in the reference 

sediments were below the respective detection limits). The total OC-pesticide values included in 

this report are based on only three compounds: 4,4' – DDD, 4,4' – DDE, and 4,4' – DDT. All 

other pesticide compounds included in the sediment chemical analysis dropped out, due to an 

abundance of non-detect results (  80%) and/or detection limits exceeding measured values. 
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Average total dioxins/furans sediment levels ranged from 80.8 ng/Kg to 3,715 ng/Kg in target 

vernal pools (based on geometric mean and ½ the detection limit for non-detect values, for both 

target and reference stations). Average reference station total dioxins/furans ranged from 33.1 to 

177 ng/Kg. The geometric mean was selected as the superior measure of central tendency 

(relative to the arithmetic mean), due to the systematic difference noted between the measured 

values from the first and second sampling event. The dioxin/furan values were considerably 

higher in the May 2000 sampling, sometimes 2-3 orders of magnitude greater than values 

recorded for the same station in the April 2000 samples.  Total sediment PAH values ranged 

from 3.3 mg/Kg to 20 mg/Kg at target vernal pools, and from 18 mg/Kg to 22.4 mg/Kg in the 

three reference vernal pools (based on ½ of the detection limit for individual compounds). 

Of the heavy metals analyzed as a component of the Appendix IX analyses, the following metals 

at a target venal pool(s) were  2 times the average reference concentration: arsenic, chromium, 

copper, mercury, nickel, and tin. The maximum metal concentration at any given target station 

was approximately 5 times the average reference concentration. The average reference total 

metals concentration was 337 mg/Kg. Target total metals concentrations exceeded this reference 

average at 5 vernal pools, but no vernal pool total was > 2 times the reference total metals value. 

In the present study, the sediment total PCB values used for evaluation against biological effects 

data are mean values determined by EVS Environmental Consultants (Table 4 and Appendix F). 

Thus, the sediment total PCB concentrations used in this study were 14.5, 6.1, 0.19, 0.11, 28.0, 

62.0, 52.0, 0.5, and 2.2 mg/Kg. for vernal pools 8-VP-1, 18-VP-2, 23b-VP-1, 23b-VP-2, 38-VP-

1, 38-VP-2, 39-VP-1, 46-VP-1, and 46-VP-5, respectively.  The sediment total PCB levels for 

reference areas WML-1, WML-2, and WML-3 were ND (0.007 mg/Kg), ND (0.013 mg/Kg), and 

ND (0.011 mg/Kg), respectively.  Although water total PCB levels from each of the vernal pools 

were not used in the analysis of the present data, water total PCB levels measured at sites 8-VP-

1, 18-VP-2, 23b-VP-1, 23b-VP-2, 38-VP-1, 38-VP-2, 39-VP-1, 46-VP-1, and 46-VP-5 were 

3.25x10-4, 0.18x10-4, 0.13x10-4, 0.14x10-4, 0.55x10-4, 4.65x10-4, 0.96x10-4, 0.18x10-4, and 

0.26x10-4 mg/L, respectively.  Water total PCB concentrations were 0.2x10-4, 0.13x10-4, and 

0.13x10-4 mg/L at reference sites WML-1, WML-2, and WML-3, respectively. 
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Phase I 

Tissue Residue Analyses

Phase I Cultures 

Total PCB levels were measured in specimens cultured from egg masses in Phase I studies.  A 

comparison between Phase I total PCB concentrations in sediment samples and various tissue 

studied are illustrated in Figure 4.  Two types of specimen were analyzed, egg mass sections and 

metamorph samples which were collected during the laboratory culture portion of the Phase I 

studies.  Results from these analyses are provided in Table 4.  Egg mass total PCB levels ranged 

from 11.1 mg/Kg in specimens collected from site 46-VP-1 (0.5 mg/Kg sediment total PCB) to 

1.2 mg/Kg in specimens collected from site 23b-VP-2 (0.11 mg/Kg sediment total PCB).  No 

relationship between the egg mass tissue total PCBs and the sediment total PCB levels at the 

vernal pools where the specimens were collected was detected (Correlation 1 of Table 5 – 

Spearman’s Rank Correlation, n=8, r=0.42, p>0.05).  The Phase I metamorph samples collected 

from the laboratory cultures generally contained greater levels of total PCBs than the egg masses 

from which they developed.  This trend was particularly obvious in the specimens cultured from 

vernal pools with high levels of sediment total PCB contamination, including site 8-VP-1 (5.8 

mg/Kg whole body total PCB), site 38-VP-2 (6.6 mg/Kg whole body total PCB), and site 38-VP-

1 (4.7 mg/Kg whole body total PCB).  A reverse trend was noted in metamorph samples 

collected from laboratory cultures from target sites with little or no sediment total PCB 

contamination, including sites 23b-VP-1 and 23b-VP-2, such that tissue levels in the metamorph 

samples collected from the laboratory culture were 11.5- and 14.3-fold less than levels found in 

their respective egg masses.  Tissue total PCB levels in metamorphs collected from laboratory 

cultures of egg masses collected from low-level total PCB contamination, such as sites 46-VP-1 

and 46-VP-5, showed relatively modest increases in total PCB levels of 5.3- and 2.6-fold.  No 

relationship between tissue total PCB levels in metamorphs collected from Phase I cultures and 

sediment total PCB levels was found (Correlation 2 of Table 5 – Spearman’s Rank Correlation, 

n=8, r=0.52, p>0.05). 
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Crossover and Aroclor 1260 Spike Studies 

Results of tissue total PCB analysis of crossover culture specimens and specimens cultured in 

Aroclor 1260 spiked reference sediment and reference site water are provided in Table 4 and 

Figure 5 and 6, respectively. Metamorph specimens from reference sites WML-1 and WML-2 

cultured in site 38-VP-2 (62.0 mg/Kg sediment total PCB) and site 38-VP-1 (28.0 mg/Kg 

sediment total PCBs) contained total PCB levels of 6.6 mg/Kg and 7.8 mg/Kg.  These levels 

were nearly 1,001- and 2,058-fold greater than the levels detected in the egg masses prior to the 

crossover culture treatment, respectively.  Conversely, metamorph specimens collected from 

sites 38-VP-2 and 38-VP-1 and cultured in reference site water and sediment from reference sites 

WML-1 (ND [0.007 mg/Kg] sediment total PCBs) and WML-2 (ND [0.013 mg/Kg] sediment 

total PCB) contained 0.05 mg/Kg and 0.10 mg/Kg total PCBs, respectively. 

Metamorph samples from reference site WML-3 (ND [0.011 mg/Kg] sediment total PCBs) 

hatchlings cultured in reference site sediment spiked with 30 mg/Kg Aroclor 1260 contained 

0.53 mg/Kg total PCB which represented approximately a 69.4-fold increase in total PCBs from 

the original reference site egg mass.  Both of these supplemental investigations associated with 

Phase I indicated that vernal pool site media and exposure duration were significant factors in the 

uptake of PCBs by amphibian receptors. 

Egg Mass Fecundity and Hatching Success 

Results of egg mass fecundity assessments, including weights, egg counts, fertilization rates, 

necrosis rates, and hatching success, are provided in Figures 7-11.  The following values 

presented, with the exception the of egg mass weight data, were extrapolated from 25% and 30% 

subsamples to represent counts from 100% of the egg masses.  Prior to evaluating the general 

effects observed at the target sites relative to the reference sites, the three reference sites were 

tested for homogeneity to determine if they could be pooled to simplify statistical analysis.  

These tests indicated the reference sites were homogeneous.  Thus, results for the reference sites 

were pooled and compared against the target sites.  A comparison of mean egg mass weights 
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between each sampling location is provided in Figure 7.  Mean egg mass weights collected from 

site 8-VP-1 (14.5 mg/Kg sediment total PCBs) and site 38-VP-1 (28.0 mg/Kg sediment total 

PCBs) were 335.9 g and 322.0 g, respectively.    The reference site mean egg mass weight was 

215.3 g. The mean egg mass weights of specimens collected from sites 18-VP-2, 23b-VP-1, 23b-

VP-2, 38-VP-2, 46-VP-1, and 46-VP-5 (6.1, 0.19, 0.11, 62.0, 0.5, and 2.0 mg/Kg sediment total 

PCBs, respectively) of the target site sampling locations were 152.1, 190.7, 287.5, 254.7, 284.0, 

and 238.1 g, respectively. No relationship between egg mass weight and sediment total PCB 

levels was detected (Correlation 3 of Table 5 – Spearman’s Rank Correlation, n=8, r=0.41, 

p>0.05).  In addition, no apparent relationship between egg mass weight and egg mass tissue 

total PCBs existed.  These results that suggested that the sediment total PCB levels were not an 

indicator of egg mass weight, which was not necessarily surprising, considering the mobility of 

the females throughout the study area.  Further, it is distinctly possible that the average exposure 

concentration for a given female prior to egg mass deposition may not approximate the natal 

pool sediment total PCB concentrations. 

A comparison of mean egg counts between each sampling location is provided in Figure 8.  

Mean egg mass counts were generally less variable between sites than mean egg mass weights.   

The mean egg mass count determined for target site sampling location 18-VP-2 (6.1 mg/Kg 

sediment total PCBs) was 1857 eggs.  The mean egg counts calculated for the remaining target 

sites ranged from 618 to 952 eggs.  The reference site mean egg mass count was 740 eggs.  No 

relationship between mean egg counts from egg masses collected at each site and sediment total 

PCB levels was found (Correlation 4 of Table 5 – Spearman’s Rank Correlation, n=12, r=0.20, 

p>0.05).  In addition, no apparent relationship between egg mass counts and egg mass tissue total 

PCBs existed. 

A comparison of mean egg mass fertilization between each sampling location is provided in 

Figure 9.  The mean egg mass fertilization for samples collected at target sites 8-VP-1 (14.5 

mg/Kg sediment total PCBs), 23b-VP-1 (0.19 mg/Kg sediment total PCBs) and 23b-VP-2 (0.11 

mg/Kg sediment total PCBs) were 70.0%, 74.4%, 77.5%, respectively.  Target sites 38-VP-2 

(62.0 mg/Kg sediment total PCBs), 46-VP-5 (2.2 mg/Kg sediment total PCBs), 18-VP-2 (6.1 

mg/Kg sediment total PCBs), 38-VP-1 (28.0 mg/Kg sediment total PCBs), and 46-VP-1 (0.5 
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mg/Kg sediment total PCBs) had mean egg mass fertilization rates of 91.5%, 99.9%, 82.4%, 

97.1%, and 92.1%, respectively.  The frequency of fertilization for the mean reference site egg 

masses was 94.1%..  No relationship between egg mass fertilization and sediment total PCB 

concentrations was noted (Correlation 5 of Table 5 – Spearman’s Rank Correlation, n=8, r=0.07, 

p>0.05).  In addition, no apparent relationship between egg mass fertilization and egg mass 

tissue total PCBs existed. 

A comparison of mean egg necrosis between each sampling location is provided in Figure 10.

The mean egg mass necrosis rate for samples collected at target sites 38-VP-2 (62.0 mg/Kg 

sediment total PCBs), 46-VP-5 (2.2 mg/Kg sediment total PCBs), 38-VP-1 (28.0 mg/Kg 

sediment total PCBs), and 46-VP-1 (0.5 mg/Kg sediment total PCBs) were 8.5%, 0.5%, 4.9%, 

and 9.7%, respectively, while the mean of the reference site egg masses was 10.3%.  The mean 

egg mass necrosis for sites 8-VP-1 (14.5 mg/Kg sediment total PCBs), 18-VP-2 (6.1 mg/Kg 

sediment total PCBs), 23b-VP-1 (0.19 mg/Kg sediment total PCBs), and 23b-VP-2 (0.11 mg/Kg 

sediment total PCBs) were 30.1%, 17.6%, 25.7%, and 33.3%, respectively.  No relationship 

between egg mass necrosis and sediment total PCB concentrations was observed (Correlation 6 

of Table 5 – Spearman’s Rank Correlation, n=12, r=0.33, p>0.05).  In addition, no apparent 

relationship between of egg mass necrosis and egg mass tissue total PCBs existed. 

The mean hatching success of egg mass specimens collected from the target site sampling 

locations is presented in Figure 11.  Target sites 8-VP-1 (14.5 mg/Kg sediment total PCBs) and 

23b-VP-2 (0.11 mg/Kg sediment total PCBs) had mean hatching success of 55.7% and 57.2%.  

Hatching success in the remaining target site sampling locations ranged from 75.8% to 93.6%, 

whereas the mean hatching success of the reference site egg masses was 77.3%.  No relationship 

between egg mass hatching success and sediment total PCB concentrations was identified 

(Correlation 7 of Table 5 – Spearman’s Rank Correlation, n=12, r=0.20, p>0.05).  In addition, no 

apparent relationship between rates of egg mass necrosis and egg mass tissue total PCBs existed. 
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Larval Development and Growth 

Larval mortality for the egg masses cultured in the laboratory from each site is provided in 

Figure 12.  The mean larval mortality for larvae cultured from sites 23b-VP-1, 23b-VP-2, 46-VP-

1, and 18-VP-2 (0.19, 0.11, 0.5, and 6.1 mg/Kg sediment total PCBs, respectively) were 

reasonably similar to larval mortality for the reference sites WML-1, -2, -3 (ND [0.01 mg/Kg] 

sediment total PCBs).  Mean larval mortality for specimens cultured from sites, 38-VP-2, 46-VP-

5, and 38-VP-1 (62.0, 2.2, and 28.0 mg/Kg sediment total PCBs, respectively) were less than the 

reference sites WML-1, -2, -3 (ND [0.01 mg/Kg] sediment total PCBs) larval mortality rate.  

Interestingly, larvae cultured from sampling locations containing relatively low sediment PCB 

levels demonstrated greater rates of mortality than larvae cultured from sampling locations 

containing relatively greater sediment PCB concentrations. 

Rates of development for egg masses cultured in the laboratory from each site are provided in 

Figure 13.  Evaluation of developmental trajectories provides an assessment of the specific rates 

of development by assessing the stage of development relative to the time in culture.  The rate of 

development of larvae cultured from sites 38-VP-1, 18-VP-2, 46-VP-1, 8-VP-1, and 38-VP-2 

(28.0, 6.1, 0.5, 14.5, and 62.0 mg/Kg sediment total PCBs, respectively) were generally less than 

the rate of development of the reference site larvae.  The rates of development of larvae cultured 

from sites 23b-VP-1, 23b-VP-2, and 46-VP-5 (0.19, 0.11, and 2.2 mg/Kg sediment total PCBs, 

respectively) were comparable to the larval development rates for the reference site larvae. 

The frequencies of malformation observed in specimens from each of target site sampling 

locations during the first evaluation period in April 2000 were 7.1% (8-VP-1 [14.5 mg/Kg 

sediment total PCBs]), 10.4% (38-VP-2 [62.0 mg/Kg sediment total PCBs]), 16.4% (46-VP-5 

[2.2 mg/Kg sediment total PCBs]), 16.6% (18-VP-2 [6.1 mg/Kg sediment total PCBs]), 2.4% 

(23b-VP-1 [0.19 mg/Kg sediment total PCBs]), 2.9% (23b-VP-2 [0.11 mg/Kg sediment total 

PCBs]), 31.0% (38-VP-1 [28.0 mg/Kg sediment total PCBs]), and 3.9% (46-VP-1 [0.5 mg/Kg 

sediment total PCBs]) compared to 0.5% for specimens collected from the reference site 

sampling locations (ND [0.01 mg/Kg] sediment total PCBs)..  In May 2000 (second evaluation 

period), the incidences of malformation in larvae cultured from sites 8-VP-1, 38-VP-2, 46-VP-5, 
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18-VP-2, 23b-VP-1, 23b-VP-2, 38-VP-1, and 46-VP-1 (14.5, 62.0, 2.2, 6.1, 0.19, 0.11, 28.0 and 

0.5 mg/Kg sediment total PCBs, respectively) were 10.2%, 12.6%, 36.7%, 26.0%, 3.8%, 5.3%, 

32.4%, and 10.5%, respectively..  The incidence of malformation observed in specimens cultured 

from the reference site sampling locations was 0.4%.  During the third evaluation period (June 

2000), the incidences of malformation in larvae cultured from sites 8-VP-1, 38-VP-2, 46-VP-5, 

18-VP-2, 23b-VP-1, 23b-VP-2, 38-VP-1, and 46-VP-1 (14.5, 62.0, 2.2, 6.1, 0.19, 0.11, 28.0 and 

0.5 mg/Kg sediment total PCBs, respectively) were 18.0%, 41.3%, 32.6%, 41.3%, 3.7%, 20.4%, 

46.7%, and 11.8%, respectively, compared to 1.7% malformation for larvae cultured from the 

reference site sampling locations.  In July 2000 (fourth evaluation period), the malformation 

frequencies for larvae cultured from target site locations 8-VP-1, 38-VP-2, 46-VP-5, 18-VP-2, 

23b-VP-2, and 46-VP-1 (14.5, 62.0, 2.2, 6.1, 0.11, and 0.5 mg/Kg sediment total PCBs, 

respectively) were 65.8%, 50.9%, 28.3%, 30.4%, 15.4%, and 14.9%, respectively.  Larvae 

cultured from target site locations 23b-VP-1 (0.19 mg/Kg sediment total PCBs) and 38-VP-1 

(28.0 mg/Kg sediment total PCBs) had malformation incidences of 0.0%.  Specimens cultured 

from the reference site locations also had no incidences of malformation for the fourth evaluation 

period.

A significant relationship between mean larval malformation frequency (Gosner stage 20-24) 

and total PCB levels in respective sediments was detected (Correlation 8 of Table 5 – 

Spearman’s Rank Correlation, n=8, r=0.86, p<0.05).  No relationship between Phase I egg mass 

tissue total PCBs levels and the mean incidence of larval malformation was found (Correlation 9 

of Table 5 – Spearman’s Rank Correlation, n=10, r=0.50, p>0.05).  Further, no relationship 

between larval tissue total PCB concentrations and the mean incidence of larval malformation 

was identified (Correlation 10 of Table 5 – Spearman’s Rank Correlation, n=8, r=0.33, p>0.05).  

It should be noted, however, that the sample types compared (egg mass tissue and larval whole 

body tissue) were not necessarily related biologically, creating some degree of uncertainty 

centered around the strength of the biological association.  The statistical test utilized was only 

intended to provide additional insight into the relationship between egg mass tissue residues and 

larval stage body burdens.  The mean malformation frequencies for specimens cultured from all 

sample site locations during the entire culture period of Phase I are presented in Figure 14. 
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The proportion of each type of malformation observed in larvae raised in the laboratory from 

each site is presented in Figures 15-23.  Malformation of the tail, notochord, craniofacial region, 

eye, and mouth were noted as characteristic malformations in lab-reared larvae from sites 38-VP-

2, 8-VP-1, 18-VP-2, 38-VP-1, and 46-VP-5 (62.0, 14.5, 6.1, 28.0, and 2.2 mg/Kg sediment total 

PCBs, respectively).  More specifically, axial flexure of the tail resulted from abnormal myotome 

development.  The myotome, a mesodermal derivative, differentiates into the musculature 

surrounding the skeletal system and possesses contractile properties in the young larvae that 

often result in the kinking of the tail, when insult to the myotome occurs.  Notochord lesions in 

the anterior portion of the tail resulted in an “osteolathyrogenic-like” kinking of the tail.

Osteolathyrogenic malformations in larval amphibians are the result of abnormal cross-linking of 

collagen in the notochord.  The malformations observed were highly similar to those induced by 

known osteolathyrogenic compounds.  However, since no biochemical analysis was performed 

to determine if the malformations specifically involved abnormal collagen polymerization, the 

defect was referred to as “osteolathyrogenic-like”.  Blisters were also found directly on the 

surface of the tail fin.  Morphological distortion of the craniofacial and mouth region, and 

incomplete development of the lens of the eye were also observed.  Abdominal edema was also 

observed in specimens from these sites.  No characteristic malformations beyond baseline effects 

were noted in malformed larvae from sites 23b-VP-1 and 23b-VP-2 (0.19 and 0.11 mg/Kg 

sediment total PCBs, respectively), and the reference sites WML-1, -2, and -3 (ND [0.01 mg/Kg] 

sediment total PCBs). 

Mean embryo-larval growth rates for larvae cultured from each of the target and reference sites 

are presented in Figure 24.  None of the larval growth rates were less than the growth rate 

measured for the mean of the reference sites.  In contrast, larvae cultured from site 38-VP-1 grew 

markedly larger than the reference site specimens.  Interestingly, development was found to be 

markedly slower in cultured larvae from site 38-VP-1 (28.0 mg/Kg sediment total PCBs) [Figure 

13] indicating a longer time to metamorphosis.  It is important to note that development, 

including rate and normalcy, and physical growth of larvae may not necessarily be related.

Abnormal development may occur without impact on the rate of growth (length or mass).  In 

some cases, the rate of development or growth may be affected without the induction of overt 

malformation.  However, as observed in the present study, delayed development can exacerbate 
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the induction of malformation by physically increasing the duration of critical developmental 

windows during which malformations are caused. 

Larval Maturation and Metamorphosis 

The ability of larvae cultured in the laboratory from each site represented in this study to 

successfully complete metamorphosis is presented in Figure 25.  The percentage of larvae 

completing metamorphosis relative to the initial number of specimens in culture from sites 38-

VP-2, 46-VP-5, and 38-VP-1 (62.0, 2.2, and 28.0 mg/Kg sediment total PCBs, respectively) 

were 48.2%, 64.0%, and 74.2%, respectively.  The proportion of specimens that metamorphosed 

from site 18-VP-2 (6.1 mg/Kg total PCBs) was 2.4%.  The proportion of specimens completing 

metamorphosis in specimens from sites 23b-VP-1, 23b-VP-2, and 46-VP-1 (0.19, 0.11, and 0.5 

mg/Kg sediment total PCBs, respectively) were 11.2%, 17.2%, and 13.3%, respectively.  .  The 

proportion of specimens that metamorphosed from the reference sites (ND [0.01 mg/Kg] total 

PCBs) was 20.4%.  No relationships between the proportion of the specimens completing 

metamorphosis and either metamorph tissue total PCB or sediment total PCB levels at each 

sampling site were detected (Correlations 11 and 12 of Table 5 – Spearman’s Rank Correlation, 

n=8, r=0.24, p>0.05; and n=8, r=0.41, p>0.05, respectively). 

Results of external morphological examination of the metamorphs collected from the laboratory 

cultures for each site are presented in Figure 26.  The mean incidence of abnormalities in 

metamorphs raised in the laboratory from target sites 8-VP-1, 38-VP-1, and 38-VP-2 (14.5, 28.0, 

and 62.0 mg/Kg sediment total PCBs, respectively) were 12.9%, 16.6%, and 16.8, respectively, 

and 2.5% for the reference sites (ND [0.01 mg/Kg] sediment total PCBs).  An elevated rate of 

abnormality (28.6%) was also detected in specimens cultured from site 18-VP-2 (6.1 mg/Kg 

sediment total PCBs).  The mean incidence of abnormalities in metamorphs raised in the 

laboratory from sites 46-VP-5, 23b-VP-1, 23b-VP-2, and 46-VP-1 (2.2, 0.19, 0.11, and 0.5 

mg/Kg sediment total PCBs, respectively) were 3.1%, 0.7%, 2.0%, and 1.4%, respectively. 

Mean metamorph weight from larvae collected from each site is illustrated in Figure 27.  Mean 

metamorph weights in specimens cultured from sites 18-VP-2 and 38-VP-1 (6.1 and 28.0 mg/Kg 
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total PCBs, respectively) were 0.74 g and 0.61 g, respectively.  The mean metamorph weights 

from the remaining sampling sites, ranging from 0.25 to 0.42 g, were similar to the reference 

sites weight (0.30 g). 

Crossover Exposure Studies 

The crossover exposure studies included the following treatment scenarios: 

Reference site WML-1 larvae cultured in site 38-VP-1 media (28 mg/Kg sediment total 

PCB),

Reference site WML-2 larvae cultured in site 38-VP-2 media (62 mg/Kg sediment total 

PCB),

Target site 38-VP-1 larvae cultured in reference site WML-1 media (0.007 mg/Kg 

sediment total PCB), 

Target site 38-VP-2 larvae culture in reference site WML-2 media (0.013 mg/Kg 

sediment total PCB), 

Reference site WML-1 larvae cultured in WML-1 media (from main study), and 

Reference site WML-2 larvae cultured in WML-2 media (from main study). 

The results of exposing reference site specimens to target site media and target site specimens to 

reference site media are presented in Figure 28.  None of the cumulative mortality frequencies 

for each of the four crossover exposures performed were significantly different from either the 

reference site mortality frequency or each other (t-test, p<0.05). 

The effect of the crossover exposure treatments, described previously, on larval malformation 

during Phase I culture studies is presented in Figure 29.  The frequencies of malformation 

determined during the first evaluation period (April 2000) for each of the four crossover 

exposures performed were 0.6% for reference site WML-1 larvae cultured in site 38-VP-1 media 

(28 mg/Kg sediment total PCB), 2.3% for reference site WML-2 larvae cultured in site 38-VP-2 

media (62 mg/Kg sediment total PCB), 2.3% for target site 38-VP-1 larvae cultured in reference 

site WML-1 media (0.007 mg/Kg sediment total PCB), and 0.4% for target site 38-VP-2 larvae 
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culture in reference site WML-2 media (0.013 mg/Kg sediment total PCB).  The incidences of 

malformation for the reference sites were 0.9% for reference site WML-1 larvae cultured in 

WML-1 media and 0.5% for reference site WML-2 larvae cultured in WML-2 media.  During 

the second evaluation period (May 2000), the frequencies of malformation were 0.5% for 

reference site WML-1 larvae cultured in site 38-VP-1 media (28 mg/Kg sediment total PCB), 

23.2% for reference site WML-2 larvae cultured in site 38-VP-2 media (62 mg/Kg sediment total 

PCB), 8.3% for target site 38-VP-1 larvae cultured in reference site WML-1 media (0.007 

mg/Kg sediment total PCB), and 26.8% for target site 38-VP-2 larvae culture in reference site 

WML-2 media (0.013 mg/Kg sediment total PCB).  The incidences of malformation for the 

reference sites were 1.9% for reference site WML-1 larvae cultured in WML-1 media and 0.0% 

for reference site WML-2 larvae cultured in WML-2 media.  The frequencies of malformation 

determined during the third evaluation period (June 2000) for each of the four crossover 

exposure treatments were 26.1% for reference site WML-1 larvae cultured in site 38-VP-1 media 

(28 mg/Kg sediment total PCB), 30.5% for reference site WML-2 larvae cultured in site 38-VP-2 

media (62 mg/Kg sediment total PCB), 26.5% for target site 38-VP-1 larvae cultured in reference 

site WML-1 media (0.007 mg/Kg sediment total PCB), and 30.1% for target site 38-VP-2 larvae 

culture in reference site WML-2 media (0.013 mg/Kg sediment total PCB).  The incidences of 

malformation for the reference sites were 2.3% for reference site WML-1 larvae cultured in 

WML-1 media and 1.1% for reference site WML-2 larvae cultured in WML-2 media.  In the 

final evaluation period (July 2000), the incidence of malformation in each of the crossover 

treatments were 34.7% for reference site WML-1 larvae cultured in site 38-VP-1 media (28 

mg/Kg sediment total PCB), 40.2% for reference site WML-2 larvae cultured in site 38-VP-2 

media (62 mg/Kg sediment total PCB), 27.2% for target site 38-VP-1 larvae cultured in reference 

site WML-1 media (0.007 mg/Kg sediment total PCB), and 37.6% for target site 38-VP-2 larvae 

culture in reference site WML-2 media (0.013 mg/Kg sediment total PCB).  The incidences of 

malformation for the reference sites were 2.0% for reference site WML-1 larvae cultured in 

WML-1 media and 0.0% for reference site WML-2 larvae cultured in WML-2 media.  Overall, 

these results suggested that exposure duration was a primary factor in the induction of the effects 

observed.



FEL – Lower Housatonic River Project 33

Larval growth in each of the crossover experiments relative to the reference site specimens is 

presented in Figure 30.  Appreciable PCBs accumulation in reference site egg masses/larvae 

cultured in target site media occurred, whereas little PCB accumulation was observed in target 

site specimens cultured in reference site media. 

The effect of the previously described crossover study treatments on metamorphic completion 

during Phase I culture studies is presented in Figure 31.  Specimens from the reference sites 

completed metamorphosis at a frequency of 23.0% and 12.8% for WML-1 and WML-2, 

respectively.  The percentage of specimens completing metamorphosis in the crossover exposure 

treatments (reference site WML-1 larvae cultured in site 38-VP-1 media, WML-2 cultured in 

target site 38-VP-2 media, target site 38-VP-1 larvae cultured in reference site WML-1 media, 

and target site 38-VP-2 larvae culture in reference site WML-2 media) were 32.7%, 19.2%, 

32.0%, and 30.0%, respectively.  All four crossover treatment malformation frequencies in 

metamorph specimens were significantly greater than the respective reference sites metamorph 

abnormality rates (t-test, p<0.05) [Figure 32].  However, the abnormality frequencies in 

metamorphs from either crossover treatments were not significantly different from each other (t-

test, 1 tail, 0.005).  The effect of the crossover treatments on metamorph weight is presented in 

Figure 33.  As was noted with larval growth, little impact on metamorph weight was detected in 

the crossover treatments relative to the reference sites or each other (t-test, p<0.005). 

Aroclor 1260-Spiked Sediment 

The impact of exposing reference site specimens (site WML-3) (ND [0.011mg/Kg] sediment 

total PCBs) to corresponding reference site water and sediment spiked with 30 mg/Kg Aroclor 

1260 on larval mortality during Phase I culture studies is presented in Figure 34.  The cumulative 

mean mortality rate for specimens cultured in reference site water and 30 mg/Kg Aroclor 1260-

spiked sediment was not significantly different than the reference site mortality rate (t-test, 

p<0.005).

The impact of exposing reference site specimens (site WML-3) to corresponding reference site 

water and sediment spiked with 30 mg/Kg Aroclor 1260 on larval malformation, during Phase I 
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culture studies, is presented in Figure 35.  The frequencies of malformation of culture d 0 (stage 

17), d 11 (stage 24), d 47 (stage 34), and d 74 (stage 40) for WML-3 specimens exposed to the 

unspiked WML-3 media were 0.0%, 0.5%, 0.4%, and 1.7%, respectively.  In contrast, the 

frequencies of malformation on culture d 0 (stage 20), d 31 (stage 24), and d 59 (stage 38) for 

WML-3 specimens exposed to the 30.0 mg/Kg Aroclor 1260 spiked sediment were 0.0%, 5.3%, 

and 22.9%, respectively.  Although data on d 79 was collected for the spiked treatment, no data 

were reported since only two larvae survived. The rate of larval growth in the Aroclor 1260-

spiked sediment treatment on study d 11 was not statistically different than the rate in reference 

site larvae (t-test, p<0.005) [Figure 36].  In summary, the larval malformations were detected in 

specimens exposed to the Aroclor 1260-spiked reference site sediment, most notably, during the 

latter evaluation period.  Accumulation of total PCB levels was detected in reference site egg 

mass/larval specimens cultured in reference site sediment spiked with 30 mg/Kg Aroclor 1260. 

The impact of exposing reference site specimens (site WML-3) to Aroclor 1260-spiked reference 

site sediment and water on metamorphic completion during Phase I culture studies is presented 

in Figure 37.  Approximately 69.0% of reference site specimens cultured in Aroclor 1260 spiked 

sediment completed metamorphosis, whereas 25.3% of the reference site specimens cultured in 

reference site media completed metamorphosis.  However, a greater proportion of metamorph 

specimens from the Aroclor 1260-spiked sediment treatment were identified as abnormal 

(11.6%) compared to the unspiked reference sediment (0.6%) (t-test, p<0.05) [Figure 38].

However, as noted with the other similar Phase I studies, metamorph weight was not appreciably 

altered by exposing the reference site specimens to the Aroclor 1260-spiked sediment, compared 

to the reference site specimens cultured in reference site media (t-test, p< 0.05) [Figure 39]. 

Phase II 

Tissue Residue Analysis 

Tissue residue analyses from specimens collected during Phase II studies are presented in Table 

4.  Larval tissue analysis was performed on specimens collected from Events 1 and 3, with the 

exception of 38-VP-1 (28.0 mg/Kg sediment total PCBs).  No specimens were found at this site 
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during Event 3 sampling, requiring tissue analysis of a sample collected during Event 4.  The 

relationship between Phase II tissue sample total PCBs and sediment total PCB levels is depicted 

in Figure 40.  Event 1 represented young larvae (ca. stage 25), whereas Event 3 represented 

prometamorphic larvae (ca. stage 42).  Collection of Event 1 specimens was separate by at least 

6 weeks from Event 3 specimens.  Tissue analyses for Phase II studies were limited to whole 

larvae total PCBs.  Larval tissue total PCB levels in Event 1 specimens ranged from 0.28 mg/Kg 

site 46-VP-1 (0.5 mg/Kg tissue total PCBs) to 3.4 mg/Kg site 23b-VP-1 (0.19 mg/Kg tissue total 

PCBs).  Larval specimens collected from the reference sites WML-1 and WML-3 during Event 1 

contained 0.07 and 0.02 mg/Kg tissue total PCBs. Larval tissue total PCB levels in Event 3 

specimens ranged from 0.09 mg/Kg from site 23b-VP-2 (0.11 mg/Kg sediment total PCBs) to 

3.5 mg/Kg from site 8-VP-1 (14.5 mg/Kg sediment total PCBs).  Larval tissue samples collected 

nearly two weeks later during event 4 from site 38-VP-1 (28.0 mg/Kg sediment total PCBs) 

contained 10.4 mg/Kg.  No relationship between tissue total PCB levels in young larvae 

collected from Event 1 and sediment total PCB levels was detected (Correlation 13 of Table 5 – 

Spearman’s Rank Correlation, n=8, r=0.42, p>0.05).  However, a significant relationship 

between tissue total PCB levels in older larvae collected from Event 3 and sediment total PCB 

levels was found (Correlation 14 of Table 5 – Spearman’s Rank Correlation, n=8, r=0.93, 

p<0.005).  Essentially, these results suggested that there was no detectable trend or systematic 

pattern in tissue total PCB levels from the first Phase II larval sampling event to the third event.  

In the early embryo-larval stages, sediment total PCB levels did not appear to be an indicator of 

larval tissue total PCB concentrations.  Regardless of the event sampled, specimens collected 

from the target sites accumulated PCBs at a greater magnitude than was observed in the 

reference organisms.  In fact, all target site tissue samples exceeded reference site total PCB 

levels.  It was also interesting to note that specimens collected from the vernal pools containing 

the greatest sediment total PCB concentrations (8-VP-1, 38-VP-1, and 38-VP-2; 14.5 mg/Kg, 

28.0 mg/Kg, and 62.0 mg/Kg sediment total PCBs) demonstrated an appreciable increase in 

larval tissue total PCBs from the first to the third event. 
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Larval Malformation and Growth 

Event 1 

The incidence of malformation and rates of growth obtained in larval field specimens collected at 

the target and reference sites during Event 1 are presented in Figures 41 and 42, respectively.

The estimated state of development was Gosner stage 23-25 (embryo-larval/premetamorphic).  

The Event 1 baseline frequency of deformity for specimens collected from the reference sites 

was 6.7%.  Nearly all of the larvae collected from site 38-VP-1 (28.0 mg/Kg sediment total 

PCBs) during Event 1 were malformed.  In addition, elevated malformation frequencies were 

also found in larvae collected from sites 8-VP-1 (14.5 mg/Kg sediment total PCBs) [mean 

53.0%], 46-VP-1 (0.5 mg/Kg sediment total PCBs) [mean 39.3%], and 38-VP-2 (62.0 mg/Kg 

sediment total PCBs) [mean 31.5%].   Slightly elevated malformation frequencies were identified 

in field larvae collected at sites 23b-VP-1 (0.19 mg/Kg sediment total PCBs) [17.1%] and 23b-

VP-2 (0.11 mg/Kg sediment total PCBs) [19.6%].  The malformation frequency in field 

specimens collected at site 46-VP-5 (2.2 mg/Kg sediment total PCBs) was 8.8%.  No 

relationships between the incidence of malformations observed in field specimens collected and 

either sediment total PCB concentrations, in their respective vernal pools, or tissue total PCB 

concentrations were detected (Correlations 15 and 16 of Table 5 – Spearman’s Rank Correlation, 

n=10, r=0.44, p>0.05; and n=10, r=0.20, p>0.05, respectively).  The mean larval growth in 

specimens collected from target site vernal pools ranged from 1.05 to 1.43 cm.  The mean 

reference site growth was 1.30 cm.. 

Event 2 

The incidence of malformation and rates of growth obtained in larval field specimens collected at 

the target and reference sites during Event 2 are presented in Figures 41 and 42, respectively.

The estimated state of development was Gosner stage 38-40 (prometamorphic).  The Event 2 

baseline deformity rate for specimens collected from the reference sites was <5%.  Malformation 

rates across each of the sampling sites were markedly lower than those observed in Event 1.  

Only abnormality rates in specimens collected from sites 38-VP-1 (28.0 mg/Kg sediment total 
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PCBs) [>40%[ were above the baseline reference site deformity rate.  No relationship between 

the incidence of malformations observed in field specimens collected to sediment total PCB 

concentrations in their respective vernal pools was found (Correlation 17 of Table 5 – 

Spearman’s Rank Correlation, n=10, r=0.32, p>0.05).  The mean larval growth range in 

specimens collected at target vernal pool sites varied from 1.77 to 3.44 cm.  The mean larval 

growth in specimens from the reference site locations was 2.31. 

Event 3 

The incidence of malformation and rates of growth obtained in larval field specimens collected at 

the target and reference sites during Event 3 are presented in Figures 41 and 42, respectively.  No 

specimens were found at target site 38-VP-1 for Event 3.  The estimated state of development 

was Gosner stage 40-42 (prometamorphic/metamorphic climax).  The Event 3 baseline deformity 

rate for specimens collected from the reference sites was <3.0%.  The frequency of malformation 

across each of the sampling sites were generally lower than those observed in Event 1, but 

greater than rates observed in Event 2.  The incidence of abnormalities in specimens collected 

from sites 46-VP-1 (0.5 mg/Kg sediment total PCBs) and 18-VP-2 (6.1 mg/Kg sediment total 

PCBs) were 50.0% and 33.3%, respectively. The frequency of malformation in specimens 

collected from sites 46-VP-5 (2.2 mg/Kg sediment total PCBs), 23b-VP-2 (0.11 mg/Kg sediment 

total PCBs), and 23b-VP-1 (0.19 mg/Kg sediment total PCBs) were 10.3%, 7.5%, and 5.6%, 

respectively.  The baseline rate of malformation measured in the reference site specimens was 

2.5%.  No relationships between the incidence of malformations observed in field specimens 

collected and either sediment total PCB concentrations in their respective vernal pools or tissue 

total PCBs were noted (Correlations 18 and 19 of Table 5 – Spearman’s Rank Correlation, n=9, 

r=0.001, p>0.05; and n=10, r=-0.20, p>0.05, respectively).  The mean larval growth in specimens 

collected at target vernal pool sites ranged from 3.25 to 4.58 cm.  The mean larval growth in 

specimens from the reference sites was 3.47 cm. 
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Event 4 

The incidence of malformation and rates of growth obtained in larval field specimens collected at 

the target and reference sites during Event 4 are presented in Figures 41 and 42, respectively.

The estimated state of development was Gosner stage 42-45 (metamorphic climax).  The Event 4 

baseline deformity frequency for specimens collected from the reference sites was ca. 1.0%.  The 

frequency of malformation across each of the sampling sites were generally lower than those 

observed in Event 1, but greater than rates observed in Events 2 or 3.  The incidence of 

abnormalities in specimens collected from sites 38-VP-2 (62.0 mg/Kg sediment total PCBs) and 

8-VP-1 (14.5 mg/Kg sediment total PCBs) were 72.2% and 27.3%, respectively.  Malformation 

frequency in specimens collected from sites 38-VP-1, 23b-VP-1, , 18-VP-2, 46-VP-5, 46-VP-1, 

and 23b-VP-2 (28.0, 0.19,  6.1, 2.2, 0.5, and 0.11 mg/Kg sediment total PCBs, respectively) were 

10.9%, 4.4%, 5.5%, 3.5%, 2.0%, and 0.0%, respectively.  The baseline frequency measured in 

the reference site specimens was 0.9%.  A significant relationship between the incidence of 

malformations observed and sediment total PCB concentration was observed (Correlation 20 of 

Table 5 – Spearman’s Rank Correlation, n=10, r=0.89, p<0.002).  Growth was measured, but not 

reported for Event 4 specimens due to inability of discriminating growth effects due to 

metamorphosis (i.e., tail resorption). 

Mean Malformation Response and Characteristic Malformations 

Because malformations in developing embryos and larvae can be induced at different windows 

during development, the overall mean incidence of larval malformation for each site was also 

evaluated as a means of determining which sites possessed the greatest potential to induce 

abnormal development and describe the relationship between sediment total PCB levels and 

larval malformation.  Thus, the mean frequency of malformation during the entire sampling was 

determined for each site.  The mean incidence of malformation for sites 8-VP-1, 38-VP-2, 46-

VP-5, 18-VP-2, 23b-VP-1, 23b-VP-2 38-VP-1, and 46-VP-1 (14.5, 62.0, 2.2, 6.1, 0.19, 0.11, 

28.0, and 0.5 mg/Kg sediment total PCBs) were 20.1%, 27.5%, 6.5%, 11.6%, 7.6%, 6.8%, 

51.2%, and 23.7%, respectively.  The mean incidence of malformation for the reference site 

larvae was <5.0%.  A significant relationship between the mean incidence of malformations 
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observed over events 1-4 and sediment total PCB concentration was detected (Correlation 21 of 

Table 5 – Spearman’s Rank Correlation, n=10, r=0.83, p=0.005). 

Characteristic malformations detected during Phase II studies are summarized in Figures 43-51.  

Characteristic malformations are the defects in various organ system that comprise a syndrome 

caused by a stressor or stressors.  Characteristic malformations are determined by evaluating 

which deformities are consistently induced at a frequency greater than a reference subject and 

increase in severity with either increased concentration or exposure to a given stressor. 

Evaluation of malformation types using this criteria helps reduce the inadvertent inclusion of 

non-specific malformations in the descriptive evaluation.  The characteristic malformations 

observed in specimens collected from site 8-VP-1 (14.5 mg/Kg sediment total PCBs) were 

abnormal coiling of the gut, craniofacial defects, abnormal development of the lens of the eye, 

microcephaly, mouth defects, and visceral hemorrhage.  Characteristic abnormalities identified 

in larvae collected from site 38-VP-2 (62.0 mg/Kg sediment total PCBs) included mis-coiling of 

the gut, visceral edema, muscular based flexure of the tail (abnormal myotome development), 

notochord lesions (flexure), and visceral hemorrhage.  Malformation of the gut, visceral edema, 

abnormal development of the craniofacial region and lens of the eye, microcephaly, and visceral 

hemorrhage were found to be characteristic abnormalities in specimens collected from site 38-

VP-1 (28.0 mg/Kg total PCBs).  Larvae collected from sites 46-VP-5 and 18-VP-2 (2.2 and 6.1 

mg/Kg sediment total PCBs, respectively) possessed a slightly greater incidence of abnormal gut 

development and visceral edema, but well below that observed in larvae collected from sites 8-

VP-1, 38-VP-2, and 38-VP-1 (14.5, 62.0, and 28.0 mg/Kg sediment total PCBs, respectively).  

Malformations observed at the three sites with greater total PCB sediment contamination were 

generally the most severe and would most likely have a greater affect on the overall health and 

fecundity of this local population.  Although sporadic malformations were detected at reasonably 

low incidence rates, no characteristic abnormalities were detected in larvae collected from the 

remaining sites including the reference sites.  Identification of characteristic malformations was 

important in evaluating whether the responses observed were consistent and may be the result of 

environmental stressors in the pools from which the specimens were collected.  A photo atlas, 

detailing characteristic malformations observed during Phase II, is presented in Appendix G. 
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Phase III 

Tissue Residue Analysis 

Tissue residue analyses from specimens cultured and collected during Phase III studies are 

presented in Table 4.  Total PCBs found in Phase III whole body metamorph samples at each of 

the sites evaluated are presented in Figure 52.  A comparison between total PCB tissue residues 

found in metamorphs from Phase I (laboratory) and Phase III (field) is provided in Figure 53.

Tissue analysis was performed on metamorph collected from each of the vernal pools including 

target locations.  Tissue analyses for Phase III studies included total PCBs, congeners, PAHs, 

dioxins and furans, and Appendix IX pesticides and metals for sites 8-VP-1, 18-VP-2, 38-VP-1, 

and WML-1 (14.5, 6.1, 28.0, and ND [0.007] mg/Kg sediment total PCBs).  Complete results 

from these analyses are included as Appendix F.  The remaining site samples were analyzed for 

total PCBs.  Total PCB levels in the whole metamorph tissue samples ranged from 0.13 mg/Kg 

in specimens collected from site 46-VP-1 (0.5 mg/Kg sediment total PCBs) to 15.0 mg/Kg in 

specimens from site 8-VP-1 (14.5 mg/Kg sediment total PCBs).  Metamorph specimens collected 

from reference site WML-1 contained 4.4 mg/Kg tissue total PCBs.  A significant relationship 

between metamorph tissue total PCB concentration and respective sediment total PCB levels was 

found (Correlation 22 of Table 5 – Spearman’s Rank Correlation, n=9, r=0.70, p=0.05).  Total 

Appendix IX pesticides ranged from 0.03 mg/Kg (site 38-VP-1) to 0.7 mg/Kg (site 8-VP-1).

Metamorph specimens collected from reference site WML-1 contained nearly 0.2 mg/Kg tissue 

Appendix IX pesticides.  Generally, low levels of total tissue dioxins and furans were detected in 

the metamorph samples evaluated.  Total dioxin and furan samples ranged from 12.8 ng/Kg (site 

18-VP-2) to 63.0 ng/Kg (site 8-VP-1) with ND found in the reference site sample from site 

WML-1.  Total metamorph tissue PAHs ranged from 0.06 mg/Kg to 0.8 mg/Kg in specimens 

collected from sites 38-VP-1 and 18-VP-2, respectively.  Metamorph specimens collected from 

the reference site WML-1 contained 0.3 mg/Kg total tissue PAHs and ND, respectively.  Of the 

Appendix IX metals analyzed, the only metal detected in tissue samples at somewhat elevated 

levels was Pb.  Pb levels in whole metamorph tissue samples ranged from 1.0 mg/Kg in samples 

collected from site 38-VP-1 to 1.9 mg/Kg in samples from site 8-VP-1.  The total Pb level 

detected in metamorph tissue collected from reference site WML-1 was approximately 0.06 
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mg/Kg.  In general, only total PCBs were appreciably greater in target site metamorph tissue 

samples than reference site tissue samples.  The other analytes were detected in similar 

concentrations in the target site specimens and the reference site specimens. 

Metamorph Development and Growth 

The sex ratios of metamorph specimens collected during Phase III sampling efforts and the 

incidence of malformation at each respective target and reference sites are provided in Figure 54.  

Sex ratios (male:female) in the reference site metamorphs (sites WML-1 and -3) were reasonably 

well-balanced with a 46.1%:53.9%.  Skewing of sex ratios toward the female gender was noted 

in specimens collected from sites 8-VP-1 (0%:100%), 38-VP-2 (19.2%:80.8%), 38-VP-1 

(20.0%:80.0%), 18-VP-2 (31.2%:68.8%), and 46-VP-5 (33.7%:66.3%) (14.5, 62.0, 28.0, 6.1, and 

2.2 mg/Kg sediment total PCBs, respectively).  Specimens examined from the remaining target 

site locations produced sex ratios in the 40-60 %:60-40 % male:female range, which is normal 

for most amphibian populations (Gilbert et al, 1994; Merrell, 1977; Reeder et al, 1998; and 

Stebbins and Cohen, 1995).  Significant negative correlations between sex ratio skew 

(feminization) in metamorphic specimens and total PCB levels in both whole body tissue and 

sediment were detected (Correlations 23 and 24 of Table 5 – Spearman’s Rank Correlation, n=8, 

r=-0.91, p=0.005; and n=8, r=-0.80, and p<0.05, respectively).  Metamorph abnormality 

frequencies, determined by both external examination and necropsy, from target sites 23b-VP-1, 

23b-VP-2, 46-VP-1, and 46-VP-5 (0.19, 0.11, 0.5, and 2.2 mg/Kg sediment total PCBs) were 

4.9%, 5.9%, 8.6%, and 9.2%, respectively.  The incidence of abnormality in metamorphs from 

the reference sites was 2.0%.  The frequency of abnormalities from target sites 8-VP-1, 38-VP-2, 

18-VP-2, and 38-VP-1 (14.5, 62.0, 6.1, and 28.0 mg/Kg sediment total PCBs, respectively) were 

66.7%, 51.5%, 26.9%, and 41.0%, respectively, with a slightly greater proportion of abnormal 

specimens being female (Figure 55).  Of the specimens examined from these sites, characteristic 

abnormalities found were abnormal development of the lens of the eye, necrosis of the liver, 

gonadal necrosis, mal-positioning (translocation) of the gonads, abnormal maturation of the skin 

including incomplete dispersion of melanin in the melanocytes, cardiac and cardio-vascular mal-

development, and visceral and abdominal edema.  Several cases of fore- and hind limb mal-

development were also found in specimens collected from site 38-VP-2.  Of these abnormalities, 
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gonadal mal-development and liver necrosis were the two most consistent abnormalities 

identified.  Significant relationships between the incidence of abnormal metamorph specimens 

and both total PCB levels in whole body tissue and sediment were identified (Correlations 25 

and 26 of Table 5 – Spearman’s Rank Correlation, n=8, r=0.81, p<0.05; and n=10, r=0.93, 

p=0.001, respectively). 

Mean metamorph weights measured in specimens collected at each respective site including the 

reference locations are presented in Figure 56.  Of the parameters measured during Phase III 

studies, weight was the least sensitive endpoint measured.  Each of the mean weights recorded 

for the metamorph specimens collected for the target site locations ranged from 0.42 to 0.89 g.  

The mean metamorph weights of the reference site specimens were 0.33 g..  No relationships 

between metamorph specimens weight and either total PCB levels in whole body tissue or 

sediment were found (Correlations 27 and 28 of Table 5 – Spearman’s Rank Correlation, n=8, 

r=0.57, p>0.05; and n=8, r=0.20, p>0.05, respectively)

Quality Assurance 

The study Quality Assurance/Quality Control Plan is presented in Appendix H. 
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DISCUSSION 

Phase I 

Although total PCB accumulation was found in varying magnitudes in egg masses collected 

from the different target site vernal pools, little effect on egg mass characteristics, including 

weights, egg counts, egg necrosis, fertilization rates, and hatching rates, was detected when 

compared to the reference site egg masses.  The inability to measure significant effects on 

reproductive outcome in the more greatly contaminated vernal pools may, in part, be due to 

natural variability in these endpoints.  However, no relationship between these endpoints and 

total sediment PCB concentration was found (see Table 5).  In addition, no relationship between 

egg mass tissue total PCBs and total sediment PCBs was found.  Overall, the inability to 

consistently detect appreciable differences in mean egg mass weight, egg mass counts; 

fertilization, necrosis, and hatching success between sites suggested reproductive performance 

and outcome in R. sylvatica was most likely not adversely affected in this study.  Interestingly, 

the greatest egg mass tissue concentrations of total PCBs were found in sites with relatively low 

or non-detectable levels of total PCBs.  Since this study focused primarily on wood frog 

development, starting with newly laid egg masses, little is directly known about the parental 

generation that supplied the egg masses collected during this study other than the total PCB 

levels in their respective egg masses.  Indirectly, however, this data suggested the home range of 

R. sylvatica appeared to allow adults with differing total PCB body burdens to breed in various 

vernal pools throughout the study area. 

Both geographical and temporal factors determined the extent of PCB and other COPCs 

bioaccumulation in larval and metamorph specimens cultured and examined in the laboratory.  

Generally, the relationship between sediment and tissue total PCB or other COPC levels was 

greater in older larval and metamorph samples than in either of younger larval or egg mass 

samples.  Tissue total PCB burden in metamorph specimens was not a critical factor in 

determining the total PCB level in the egg mass from which the specimens originated.  Egg 

masses with greater tissue total PCB levels collected from the lesser contaminated vernal pools 

showed prominent decreases in total PCB levels over time as the specimens metamorphosed. 
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Crossover exposure studies in which reference specimens were cultured with contaminated site 

media and specimens from contaminated vernal pools were cultured with reference site media 

demonstrated that PCBs were bioaccumulated by the test organisms during culture.  These 

crossover studies also confirmed that net decreases in tissue total PCB levels occurred in egg 

mass specimens originally containing greater levels of total PCBs when cultured in 

uncontaminated site water and sediment through metamorphosis.  Sediment spiking studies 

further demonstrated the propensity of uncontaminated larvae to bioaccumulate PCBs. 

Associating the PCB bioaccumulation potential of R. sylvatica embryos, larvae, and metamorphs 

with toxicological response, however, was significantly more challenging.  The most striking 

endpoint monitored in Phase I studies in terms of sensitivity was malformation. As previously 

indicated, early embryo development through hatching was not adversely impacted by exposure 

to the COPCs considered in this study.  However, the relationship between sediment total PCB 

concentrations and the frequencies of malformation in specimens cultured in the laboratory was 

evident in Phase I Gosner stage 20-24 larval specimens (Spearman’s Rank Correlation, n=8, 

r=0.86, p<0.05).  Results from these studies, as well as Phase II and III studies, suggested that 

the larval tissue was serving as a reservoir, effectively accumulating PCBs over the course of the 

exposure period, and that this accumulation may have been related to the incidence of 

malformation during the study. 

No correlation between egg mass tissue total PCB concentrations and Phase I larval 

malformation was detected, although it is noted that this is not a true biological comparison.   

Overall, these results suggested the extent of PCB accumulation from their culture environment 

related better with the incidence of malformations in the specimens examined, than the 

maternally transferred fraction of PCBs found in the egg masses.  The incidence of malformation 

that was induced in the crossover studies, in which reference site specimens were cultured in 

contaminated media and specimens from contaminated sites were exposed to reference media, 

was reasonably similar.  Thus, the importance of both maternal PCB transfer and environmental 

exposure cannot be overlooked.  It is possible that maternal PCB transfer to the eggs and 

environmental exposure contributed to the malformation observed in early larval development, 
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whereas sediment exposure during development contributed to the effects observed in later 

development. 

The malformations (syndrome) observed in specimens from sites 38-VP-2, 38-VP-1, 8-VP-1, 18-

VP-2, and 46-VP-5 were similar in nature differing only the incidence rate and the severity of the 

deformity.  Characteristic malformations included mal-development of the craniofacial region 

and mouth (hypognathia), abdominal edema, abnormal myotome development, incomplete 

development of the eye, and notochord lesions resulting in tail flexure.  Growth, in terms of the 

linear length of the developing larvae or the weight of the metamorphs, was variable and 

somewhat difficult to interpret primarily due to slow development in specimens from the most 

highly contaminated sites.  No apparent relationship between metamorphic completion and either 

sediment total PCBs or tissue total PCBs was detected in Phase I metamorph specimens.  

However, more importantly, the proportion of abnormal metamorphs from the more highly PCB 

contaminated sites was generally greater than the lesser-contaminated sites and the reference 

sites.  Variability in metamorph weight was not necessarily unexpected as extremely tight control 

of culture conditions or extreme sampling requirements are required.  These requirements are not 

usually practicable in field-to-laboratory studies. 

Phase II 

As noted with Phase I studies, a significant amount of total PCB accumulation was found 

between the early and later events in the more significantly contaminated vernal pools.  These 

results also indicated that the larvae collected were accumulating these PCB from the 

contaminated sediment in the field.  A significant relationship existed between sediment total 

PCB concentrations and tissue total PCB levels for Event 3 specimens (Spearman’s Rank 

Correlation, n=8, r=0.93, and p<0.005).  The frequency of malformation varied from Event 1 to 

Event 4 in the more contaminated target sites.  For example, during Event 1, which represented 

Gosner stages 23-25, the incidence of malformation was elevated in each of sites 38-VP-1, 8-VP-

1, 38-VP-2, and 46-VP-1.  However, in Event 2 (Gosner stages 38-40) the frequency of 

malformation in specimens collected from any of the sites was relatively low.  During Event 3 

(Gosner stages 40-42), only the malformation frequency for site 46-VP-1 was elevated compared 
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to the reference sites.  Sites 38-VP-2, 8-VP-1, and 38-VP-1 displayed a greater frequency of 

malformation during Event 4 (Gosner stage 42-45).  Based on these results, Event 1, which 

represented early embryo-larval development, and Event 4, which represented advanced 

metamorphic development, were the most sensitive stages, based on the total incidence of 

malformation.  A strong relationship was established between the incidence of malformation 

during Event 4 and sediment total PCB concentrations. 

Overall, a strong relationship between the mean incidence of malformation in Phase II specimens 

and sediment total PCBs was detected (Spearman’s Rank Correlation, n=9, r=0.83, p=0.005).  

These results suggested that although early embryo-larval and metamorphic developmental 

periods appeared to be the most sensitive in this study and that Event 4 malformation frequencies 

correlated with sediment total PCB levels, a relationship between sediment total PCB levels and 

larval malformation could also be established by evaluating the entire exposure period as a 

whole.  Thus, the early developmental effects noted during Event 1 may not have required the 

accumulation of PCBs in the developing tissue, whereas effects observed in the later events 

seemed to be influenced more by the sediment total PCB concentration.  Characteristic 

malformations induced in the specimens collected from the target sites demonstrating greater 

incidence of abnormality included abnormal coiling of the gut, mal-development of the lens of 

the eye, microcephaly, abnormal development of the face, mouth, and cranium, abdominal 

edema, visceral hemorrhage, and flexure of the tail resulting from both abnormal myotome 

development and lesions on the notochord. 

No effects on larval growth were found in the specimens collected during Phase II.  As was 

noted in Phase I studies, growth in terms of the linear length of the developing larvae was 

variable amongst the sites and somewhat difficult to interpret. 

Phase III 

Skewed sex ratios and increased rates of abnormalities in metamorph specimens collected from 

target site vernal pools with greater levels of PCB contamination were the primary findings in 

Phase III studies.  Metamorph specimens collected from sites 8-VP-1, 38-VP-2, and 38-VP-1 
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were predominantly female (100%, 80.8%, and 80.0%, respectively).  These results suggested 

that exposure to PCB in the more highly contaminated vernal pools was capable of altering 

sexual development at a phenotypic level.  Although feminization was primarily observed, which 

does not typically influence population as dramatically as de-feminization or masculinization, in 

general, consistent sex ratio skewing over time is capable of adversely impacting the local 

population.  The primary abnormalities identified in metamorph specimens included atresia and 

necrosis of gonadal tissue, mis-location of gonadal tissue; liver lesions, necrosis, tumors, and 

general discoloration; mal-development of the lens of the eye; abnormal maturation of the skin; 

cardio-vascular necrosis, and abdominal edema.  Of these abnormalities, the gonad and liver 

were the primary targets and would appear to have the greatest consequence on the health and 

fecundity of the metamorph.  Abnormal maturation of the skin, which was characterized by 

atypical melanin production and abnormal pigment distribution within normal-appearing 

melanocytes was also observed.  In amphibians, skin maturation is under the control of the 

thyroid axis, suggesting that this effect may have been result of thyroid axis disruption.  We have 

found that abnormal skin maturation involving a reduction in melanin or abnormal melanin 

distribution reduces the capacity of the metamorph to effectively control UV light absorption 

(Fort et al., unpublished data).  Inability to regulate UV light absorption effectively increases the 

probability of UV light damage.  Changes in toxicodynamic absorption properties of the skin 

also do not occur when this aspect of metamorphosis is repressed, effectively increasing the 

likelihood of absorption of lipophilic materials.  The remaining abnormalities were, in general, 

less severe, but nonetheless present in an elevated proportion of the metamorphs examined. 

A significant relationship was detected between sediment total PCB levels in vernal pools, in 

which metamorph specimens were collected, and tissue residues in the metamorph specimens 

(Spearman’s Rank Correlation, n=9, r=0.70, p=0.05).  Further, the skews in sex ratios 

(feminization) in the Phase III metamorphs were both negatively related to the sediment or tissue 

total PCBs (Spearman’s Rank Correlation, n=8, r=-0.80, p<0.05; and n=8, r=-0.90, p=0.005, 

respectively).  A strong relationship between the incidence of abnormalities in Phase III 

metamorph specimens and either sediment or tissue total PCBs was found (Spearman’s Rank 

Correlation, n=10, r=0.93, p=0.001; and n=8, r=0.81, p<0.05, respectively). 
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No relationship between metamorph weight and sediment total PCB levels was identified.  As 

with the other phases of this study, weight (growth) was the least sensitive endpoint and the 

endpoint that was most difficult to interpret.  Generally, metamorph specimens collected from 

the target site vernal pools were larger than the reference area.  This phenomenon may be the 

result of habitat and climatic differences between the reference area (Washington Mountain 

Lake), which is at a greater elevation and generally has a cooler temperature during the spring 

when samples were collected, and the target site vernal pools, which are located at a lower 

elevation.

Relationship Between Different Phases of the Present Study 

As a means of corroborating the results of this study, a more controlled laboratory-based culture 

study was conducted in Phase I, where field-based assessments were performed in Phases II and 

III.  Although field-to-laboratory and laboratory-to-field extrapolations are difficult to make, 

ideally, the results from Phase I cultures should be reasonably consistent with results collected in 

Phases II and III.  Comparing the larval growth phase response results observed in Phase I 

laboratory cultures to the four larval sampling Events of Phase II, both Phases showed marked 

PCB accumulation potential.  A strong relationship between tissue total PCB residues and 

sediment total PCB levels in prometamorphic larvae and metamorphs was found in Phase II or 

Phase III studies, respectively.  Each Phase of study showed a relationship between the mean 

incidence of malformation and the levels of total PCBs in either the sediment or respective 

tissues of the prometamorphic larvae or metamorphs from Phases II and III, respectively.  Event 

4 of the Phase II study showed the greatest degree of correlation between sediment total PCB 

levels and the incidence of malformation.  This trend of greater degrees of correlation between 

tissue or sediment total PCB concentrations and mal-development with specimens’ age or 

exposure period was consistent throughout each Phase of the present study.  Larval and 

metamorph weight was the least sensitive endpoint measured in each of the Phases, whereas 

abnormality rates were the most important endpoint measured in each of the Phases of study.  

Overall, results from each Phase of the present study are reasonably consistent with one another, 

strengthening the results of the study as a whole. 
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Relationship to “Rana pipiens Reproduction and Development 

Study”

The primary objective of conducting the present study was to ensure that adequate amphibian 

developmental data would be collected for the lower Housatonic River study area in the event 

that the originally proposed “Rana pipiens Reproduction and Development Study” failed to 

produce adequate developmental data.  Since adequate developmental data was not obtained 

from the “Rana pipiens Reproduction and Development Study” due to profound effects on the 

reproductive performance of the study specimens, the present study filled many data gaps in our 

understanding of the impact of PCB and other COPC contaminated sediment on amphibian 

development and maturation.  In the former study with R. pipiens, the most striking effect on the 

lifecycle of R. pipiens was reproduction.  Although developmental effects were found in R.

pipiens, reproduction was almost exclusively inhibited by the toxicological effects of PCBs, and 

to a lesser extent, the other COPCs.  In contrast, R. sylvatica reproduction did not appear to be 

adversely affected in the present study.  This marked difference in life phase response may be 

partially explained by the differences in life history strategies between the two species.  Wood 

frog adult females are explosive, and typically impulsive breeders.  Breeding season for wood 

frogs is short, often over several days to a week period, but extremely intensive.  After egg-

laying is complete, the adults vacate the breeding pools allowing the progeny to develop on their 

own.  Leopard frogs, however, are much more selective and deliberate during breeding season 

often requiring several weeks to a month to complete breeding.  Unlike R. sylvatica, R. pipiens

adults remain in close contact with the egg masses during at least part of development.  The more 

deliberate nature of mating and nurturing behavior in R. pipiens may increase likelihood of adult 

exposure to environmental contaminants.  On the contrary, the more rapid process of mating and 

less nurturing approach used by R. sylvatica may decrease the likelihood of adult exposure 

during breeding.  This scenario does not account for exposure and accumulation that occurs 

during the remainder of the year.  Thus, other endocrinological and physiological differences 

between the species, in addition to differences in life history traits, may confer sensitivity to a 

particular phase of the lifecycle. 
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Selection of two species with different life history strategies was significantly advantageous to 

the overall study of the impact of PCBs and other COPCs in the lower Housatonic River on local 

populations of amphibians, as these two species broadly account for the spectrum of reproductive 

and developmental strategies used by most anuran species.  However, it should be noted that this 

study also clearly points out that it can not be assumed that all amphibian species are similar in 

terms of lifecycle dynamics.  Thus, extrapolation to other amphibian species should still be 

performed with some sense of caution. 

Comparison with Other Studies 

PCB concentrations in amphibian tissue collected from the field have been measured primarily in 

adult specimens, and are typically not accompanied by environmental concentrations.  Thus, the 

presence of PCBs in amphibian tissues is fairly well documented, however, specific 

bioconcentration factors (BCFs) have generally not been determined for amphibians.  It has been 

generally assumed based on several studies described in the following sections that PCBs 

accumulate in amphibians at least to the extent found in fish (Eisler, 1986). 

Following a fire at a PCB warehouse (Phaneuf et al., 1995) investigated PCB concentrations in 

several species in both reference locations and downwind along the smoke plume produced by 

the fire.  Total PCB levels in R. clamitans and R. pipiens collected from the plume area were in 

the order of 0.9 mg/Kg and were as great as ca. 1.1 mg/Kg, whereas the mean value from the 

reference site was 0.08 mg/Kg.  These investigators concluded that the measured values in the 

two frog species was less than that observed in bird eggs, similar to that observed in field mice, 

and greater than that observed in earthworms, and bird and muskrat liver.  In a study designed to 

evaluate the movement of PCBs through the food chain in a national park in Spain contaminated 

with PCBs, the Spanish frog (R. perezi) was found to almost 6-times more total PCBs than three 

different species of fish indigenous to the area (Hernandez et al., 1987).  Biomagnification was 

only evident after examination of frog-eating and fish egg-eating birds were examined.  

Concentrations in these birds were between 5-to 15-times the levels found in the fish and frogs.  

Elevated PCB concentrations were also detected in various tissues of mudpuppies (Necturus

maculosus) collected from the St. Lawrence and Ottawa Rivers of Ontario from 1988 to 1992 
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(Bonin et al., 1995). Whole body total PCB residues ranged from 0.1 to 1.1 mg/Kg with a mean 

value of 0.4 mg/Kg.  Female gonads contained an average of 0.4 mg/Kg total PCB.  The most 

commonly identified congeners included PCB 118, 153, and 138.  These concentrations and 

congeners were similar to those found in snapping turtle (Chelydra serpentina) eggs collected 

from the same sites.  Further study of mudpuppies in the St. Lawrence River by (Gendron et al., 

1997) found more extensive levels of accumulation with tissue total PCB residues ranging from 

0.4 to 58.3 mg/Kg total PCB.  However, these investigators also reported that the tissue levels of 

the non-ortho coplanar PCBs, which are typically the most toxic (Eisler and Beslisle, 1996), 

were far lower in concentration and ranged from 0.001 to 0.26 mg/Kg. 

Under more controlled laboratory conditions, Jung and Walker (1997) evaluated dioxin uptake 

and depuration in American toads (Bufo americanus), R. pipiens, and R. clamitans exposed to 

spiked water as eggs or larvae for 24-h.  These investigators found that the jelly coat surrounding 

the egg coat contained only 1.2-3.7 % of the waterborne dioxin.  Both frogs and toads 

accumulated dioxin in relation to the exposure level with BCFs for each species ranging from 0.6 

to 4.0.  Interestingly, R. pipiens larvae accumulated 2.5-times more dioxin in 24-h than B.

americanus.  Depuration rates were relatively fast from all three species with half-lives ranging 

from 1 to 7.3 days.  The high rates of depuration in amphibians may account for total PCB 

during development in egg masses that had high tissue burdens, but were cultured in relatively 

uncontaminated sediment and water.  However, depuration rates are highly dependent on the 

route of exposure, as appreciable faster rates of depuration have been measured in studies using 

dermal absorption than oral absorption via food.  Since PCB exposure in the present study was 

primarily via sediment exposure, the BCFs calculated by Jung and Walker (1997) are not directly 

comparable to BCFs calculated from this study. 

Some of the greater whole PCB tissue residues recorded in previous studies were 2.1 mg Aroclor 

1260/Kg dry weight in adult A. maculatum (spotted salamander) (Johnson et al. 1999), and 1.6 

and 1.7 mg/Kg Aroclor 1254:Aroclor 1260/Kg lipid weight in R. pipiens and R. clamitans,

respectively (Gillan et al., 1998).  Several investigators have found rather extensive 

accumulation of PCBs in various adult amphibian tissues including gonads, liver, and eggs 

(Fontenot et al., 2000).  Up to this point, only a study by (Gutleb et al., 2000) documented the 
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accumulation of PCBs, in this case congener 126, in tadpoles.  In this study the investigators 

reported stage 25 R. temporaria tadpoles containing approximately 5.4 mg PCB 126/Kg lipid 

weight.  The greatest level of total PCB recorded in larvae and metamorphs in the present study 

were 10.4 and 15.0 mg/Kg in specimens collected from site 38-VP-1 and site 8-VP-1 

A substantially more limited database exists on the toxicological effects of PCBs in amphibians, 

particularly in field studies.  Birge et al. (1978) found that the 4-d LC50 value for Aroclor 1254 

in R. pipiens, B. americanus, and Fowler’s toads (B. fowleri) were 0.004, 0.10, and 0.04 mg/Kg.  

Sensitivity to Aroclor 1254 and 1016 increased with the age such that 4-d post-hatch larvae were 

markedly more sensitive than the immediate post-hatch larvae.  These results are consistent with 

our findings that little developmental effect was manifested prior to hatching in specimens 

exposed to PCBs.  Birge et al. (1978) further concluded the toxicity of the mixtures increased 

with increasing percent chlorination, which is consistent with other studies with PCBs (Eisler, 

1987 and Eisler and Beslisle, 1996).  The teratogenic effects of PCBs on amphibians includes 

skeletal defects, such as lordosis and scoliosis, and abdominal edema.  These defects reported by 

Birge et al. (1978) are consistent with the abnormalities found in the present study, including 

notochord defects.  Bishop et al. (1991 and 1998) found significant correlations between 

increasing malformation rates in snapping turtle embryos and PCB and PCDD/furans levels, 

however, the increased risk of abnormality was not significantly correlated with toxic 

equivalents (TEQs) in the eggs indicating that individual concentrations of PCB congeners may 

be more important in assessing toxicity to snapping turtle eggs than TEQs derived from rat, fish, 

and bird assays.  Currently, no TEQs exist for amphibian species. 

Aside from the previously mentioned studies, the propensity of PCBs to induce developmental 

effects in amphibian species is not completely understood.  Most studies of PCB accumulation 

and effects have been performed in adults.  No significant effects of PCB 126 exposure (0.05-50 

µg/L) in R. pipiens and R. clamitans tadpoles on hatching success, early malformations, body 

weight, snout-vent length (SVL), or organ mass weight were found by Rosenshield et al. (1999).

These investigators, however, did find a decrease in survival and swimming speed, and an 

increase in abdominal edema in later stage tadpoles.  In the same study, an increasing proportion 

of metamorphosed specimens were found with increasing PCB concentration in both species 
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with the exception of the highest concentration, which was developmentally toxic.  Joffre et al. 

(2000) found similar results including an increase in percent metamorphosis, but that the time to 

metamorphosis was unaffected.  These results are also consistent with our findings in R.

sylvatica in the present study.  These investigators found increase incidence of edema in R.

clamitans and R. pipiens exposed to 5x10-6-0.05 mg/L PCB 126.  Gutleb et al. (1999) found no 

increase in early embryo-larval malformations or detrimental effects on growth in Xenopus laevis

exposed to 1.1 nM to 1.2 mM Aroclor 1254 for 4-d.  However, these investigators did find that 

administration of Clophen A50 to females prior to breeding in X. laevis and R. temporaria

altered retinoid signally processes in developing larvae. X. laevis larvae exposed for 80-d to 7.7 

pM-6.4 µM PCB 126 showed increasing numbers of malformations including those types 

mentioned previously. Gutleb et al. (2000) found that administration of mixtures of Clophen A50 

and PCB 126 caused prominent tail (notochord), and eye malformations, in addition, to edema 

and depigmentation defects.  The significance of the gut, mouth, and facial malformations 

observed in the present study may more significantly impact the local population of R. sylvatica

than originally anticipated.  Rowe et al. (in press) have found that these types of malformation 

have a serious impact on bioenergetics causing decreased fitness and potential effects at the local 

population level.  These malformations decrease food consumption, reducing fitness.  Finally, 

studies conducted by Reeder et al. (1998) found increased male:female sex ratios in cricket frogs 

found at sites with high PCB and PCDF concentrations.  The primary effects documented in 

adult specimens, including recently metamorphosed animals included necrosis of the kidney, 

discoloration and necrosis of the liver (Huang et al., 1998). 

Two recent studies, conducted by Kadokami et al. (2002) and Savage et al. (2002), further 

describe the potential effects of PCBs, as well as PCDDs and PCDFs, on amphibian 

development.  The first study attempted to link the exposure to and accumulation of co-planar 

PCBs, PCDDs, and PCDFs on the occurrence of limb deformities in R. ornativentris (mountain 

brown frog) and R. japonica (Japanese brown frog) at a contaminated site relative to two selected 

reference sites.  The incidence of forelimb malformation, characterized as polydactyly, in the 

effected site was ca. 1.0-2.0%, whereas the baseline effect was estimated to be approximately 

0.1%.  Since the whole body tissue concentrations of the contaminants of concern were similar 

between normal specimens collected at the target site and the reference site, the investigators 
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concluded that this specific limb malformation was not the result of exposure to these 

contaminants.  The total co-planar PCB levels recorded in the adult whole bodies of target sites 

and reference specimens (n=15 for target sites and n=2 for the reference site) ranged from 134.0 

to 618.0 g/Kg.  No investigation of other potential causes of limb malformation, including 

parasites, was discussed.  Further, the investigators only evaluated normal adult specimens and 

did not evaluate abnormal specimens of varying ages to evaluate potential differences with the 

normal specimens, limiting their ability to establish the conclusions drawn.  In the present study 

and the “2000 Rana pipiens Reproduction and Development Study”, the incidence of limb 

defects was much less than the characteristic facial, mouth, and tail malformations.  In the study 

by Savage et al. (2002), the effect of PCB-contaminated sediment, from Franklin County, New 

York, on developing R. sylvatica was evaluated.  Healthy R. sylvatica tadpoles from an external 

site were exposed to either 20 or 40 g of sediment, originally containing ca. 326.0 mg/Kg total 

PCBs, for 12 d with mortality and behavioral effects (activity and swimming speed) monitored.  

Further, two different exposure scenarios either allowed the tadpoles to come in direct contact 

with the sediment or not have direct contact with the sediment.  In either case, the specimens 

exposed to 40 g of sediment accumulated approximately 128.0 and 33.0 mg/Kg total PCBs in the 

sediment contact and non-contact treatments, respectively.  Likewise, tadpoles exposed to the 20 

g sediment treatment (sediment contact/non-contact) accumulated total PCB levels of 22.0 and 

6.0 mg/Kg.  Regardless of amount of sediment used, significant larval mortality was observed.  

However, greater mortality was noted in the specimens exposed directly to the sediment than in 

those in the non-contact treatment.  These investigators also found that swimming behavior and 

activity were, likewise, affected by these treatments as well.  However, a greater effect on 

activity was noted in the non-direct sediment contact treatments.  These results were also similar 

to those found in the present study, as well as the “2000 R. pipiens Reproduction and 

Development Study”. 

Results from the previous studies described in the preceding paragraphs were reasonably similar 

to the results obtained in the present study.  These previous studies point out that PCBs were 

capable of inducing abnormal development, alterations in metamorphic patterns and sexual 

development, and organ system pathology.  The malformations observed in previous studies 

were similar to those observed in the present study.  Although the gonads have been a primary 
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focus for bioaccumulation of PCBs, little previous work has been performed to understand 

abnormalities in gonadal development in relation to PCB exposure.  In addition, an increase in 

the percent of specimens that metamorphose and pigmentation problems associated with 

improper development of the skin was also observed in the present study.  Although Reeder et al. 

(1998) found that sex ratios in cricket frogs potentially exposed to PCBs and PCDF were skewed 

toward the male sex, our finding of skewed ratios toward the female sex is generally comparable, 

and is probably explained by different cytogenetic traits of the different species, physical 

variables, as well as, differing combinations of multiple chemical and non-chemical stressors.  

Feminization of amphibian gonads has been observed with several estrogenic and anti-

androgenically active contaminants (Klaus et al., 1999; Fort, personal communication).  The 

important outcome is the capacity of PCBs to alter sexual development resulting in skewed sex 

ratios, which was consistent in both species.  Overall, the results from the present study were 

more dramatic than those reported previously.  However, based on sediment PCB levels and 

tissue residues, the lower Housatonic River study area was appreciably more contaminated that 

the sites studied in the other reports discussed. 

Huang and Karasov (2000) made an astute observation in their studies of liver pathology in R.

pipiens exposed to radio labeled PCB 126.  These investigators suggested that liver pathology 

was not necessarily related to the dose administered, but was better correlated with the length of 

exposure in adult specimens.  If this hypothesis is true, which our data would seem to 

corroborate particularly in the metamorph specimens, the bioaccumulation potential of PCB in 

amphibians determines the ultimate adverse outcome of exposure.  However, it should be noted 

that relationships between time of exposure, tissue accumulation, and effects induced were not 

necessarily significant in the induction of early embryo-larval malformations.  As was found in 

this study, the relationship between early embryo-larval malformations and egg mass total PCB 

residues was usually not strong.  This trend also appeared to be true in R. pipiens (Fort

Environmental Laboratories, 2002).  The exposure to the developmentally toxic material at 

critical time periods, or windows, during development was generally a more important factor.  In 

this case, if exposure occurred at the appropriate concentration at a critical time of development, 

an abnormality may have been induced.  The relationships between PCB levels in sediment and 

tissue and larval malformation or metamorph abnormality became increasingly stronger with 
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increasing age of the specimens.  Because this dichotomy between short-term embryological and 

longer-term developmental and pathological effects exists, determination of toxic thresholds and 

adequate protection levels is extremely difficult.  The extent of contamination in the Lower 

Housatonic River study area compounds this difficulty. 

Results from the present study, as well as, most studies conducted to date have focused primarily 

on effects at either the individual level or the local population level.  In fact, few studies, if any, 

adequately both field and laboratory components, nor provide extrapolation of laboratory-based 

individual data to field-based local population effects (Fort and McLaughlin, in press).  The 

impact of organochlorine contamination (primarily PCBs) on amphibian populations in 

Southwestern Michigan was recently evaluated by Glennemeier and Begnoche (2002).  Although 

these investigators found toxicological effects of PCB contaminated sediment in developing R.

pipiens and R. utricularia larvae, no apparent effects were observed at the population level.

Population surveys were based on three separate calling surveys conducted over an unknown 

portion of one year (1997) and limited time-constrained visual encounter surveys during and 

unknown portion of 1998.  These investigators found that ranid adults and larvae collected from 

the field sites contained total PCB levels lower than that found in the sediments.  The maximum 

total sediment PCB levels in the sediment in the Glennemeier and Begnoche (2002) study was 39 

mg/Kg total PCBs.  Glennemeier and Begnoche (2002) hypothesized that the apparent lack of 

population-level effects of PCBs in the field could be explained by limited contaminant 

accumulation rather than low physiological sensitivity to chronic PCB exposure.  This work adds 

to a growing controversy over the actual sensitivity of amphibian populations to organochlorine 

contaminants.  Glennemeier and Begnoche (2002) studies support studies by Fontenot et al. 

(1996) and Harris et al. (1998a and 1998b) that have suggested that amphibian populations are 

less negatively affected than other taxa by organochlorine contaminants. 

The adequacy of the population surveys from the Glennemeier and Begnoche (2002) is difficult 

to determine due to both the limited nature of the surveys and the lack of adequate population 

modeling.  It is likely that without modeling over a five to ten year period, negative population 

effects would not necessarily be observed.  In addition, the suggestion that bioaccumulation is 

directly relative to biological effects and that population level effects will not be observed in taxa 
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that do not extensively bioaccumulate PCBs is not necessarily founded as biotic and abiotic 

exposure during critical phases of the lifecycle are more likely to be significant factor.  In 

addition, accumulation of contaminants, including the COPCs considered in the present study, in 

amphibians should not necessarily be assessed based on whole body analysis, since critical 

tissues, such as the ovary and liver, tend to accumulate substantially more PCBs than the 

remainder of the body.  The “R. pipiens Reproduction and Development” study strongly 

suggested that the reproductive organs in female R. pipiens were not only a toxicological target, 

but also a site for extensive bioaccumulation relative to the whole body.  Finally, if Huang and 

Karasov (2000) are correct in their assertion of the importance of the temporal variable in 

mediating the toxicological effects of PCBs in anurans, the length of exposure during critical 

periods of the lifecycle may be more important than the actual exposure concentration or extent 

of accumulation. 

It is possible that more significant remediation standards for these COPCs in the environment 

will be required to protect amphibians in the affected area from accumulation and potential 

longer-term effects than shorter-term early developmental effects.  Both outcomes must be 

considered to adequately protect amphibians from the adverse effects of PCBs in the 

environment.  However, future studies are needed to directly compare the individual and local 

population level sensitivities to laboratory and field exposure to PCBs. 
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CONCLUSIONS 

Results from the present study clearly demonstrated the negative impact of the COPCs identified 

in this study, but most notably PCBs, on R. sylvatica development and maturation in the Lower 

Housatonic River watershed.  Further, elevated PCB residues were found in various wood frog 

tissues evaluated throughout this study. Although the other COPCs measured, including 

Appendix IX pesticides and metals, dioxins and furans, and PAHs were detected in several of the 

R. sylvatica tissue samples analyzed, accumulation was markedly less than found with PCBs.  

The extent of bioaccumulation was determined by both geographical and temporal factors.  Thus, 

both the location of developing egg masses, tadpoles, and metamorphs; and duration of 

environmental exposure appeared to determine the extent of PCB accumulation in the tissue.  

Reasonably strong relationships were established between the incidence of embryo-larval 

malformation, abnormalities in metamorph specimens, and sexual (gonadal development) 

development; and the levels of PCBs in both sediment and respective tissues.  Sediment total 

PCB levels correlated better than tissue residues with the incidence of larval malformation, 

whereas, tissue residues correlated better than sediment total PCB concentrations with 

abnormalities and skews in sex ratios in metamorph specimens.  Results obtained from 

laboratory cultured specimens (Phase I) reasonably corroborated results obtained with field-

collected specimens (Phases II and III).  Further, crossover exposure study results suggested that 

malformation induced in larval specimens were the result of a combination of maternal transfer 

and environmental exposure to PCBs and other COPCs, although the environmental exposure 

route appeared to be more significant during advanced larval development and metamorphosis.  

Although complex non-interactive and interactive relationships between the chemical stressors 

identified or the influence of other non-chemical stressors must be considered, results from the 

present study indicated that the most significant factor in the toxicological effects observed was 

exposure and accumulation of PCBs and other COPCs during development and maturation.  

Overall, this study identified one of the more striking ecotoxicological impacts on a local 

amphibian species conducted to date. 
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Table 1 
Housatonic River Project 

Vernal Pools Selected for Larval Rana sylvatica
Growth and Development Study1

Woodlot Pool 
Designation Estimated

Area (m2)
Mean Depth 

(cm)

tPCB
Concentration

Water2    

(mg/L x 10-4)

tPCB
Concentration

Sediment2

(mg/Kg)

8-VP-1 74 28 3.25 14.50 
18-VP-2 976 46 0.81 6.05 

23B-VP-1 558 46 0.13 0.19 
23B-VP-2 1394 30 0.14 0.11 
38-VP-1 316 36 0.55 28.00 
38-VP-2 558 25 4.65 62.00 
39-VP-13 2789 63 0.96 52.00 
46-VP-1 2212 >91 0.18 0.50 
46-VP-5 74 30 0.26 2.20 
WML-1 ND ND 0.20 0.007 (U4)
WML-2 ND ND 0.13 0.013 (U4)
WML-3 ND ND 0.13 0.011 (U4)

1 Pools surveyed for herpetiles include vernal pools, as defined by the Massachusetts Natural Heritage and Endangered Species                          
Program  (MNHESP) and other water bodies that contained or could contain breeding amphibians. 

2tPCB concentrations used in this study were derived from averaging results from two sample events in April and May 2000.  
3No specimens were found at vernal pool 39-VP-1. 
4Non-detect (Qualifier  “U”). 
 ND=Not determined. 
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Table 5 
Housatonic River Project 

Rana sylvatica Vernal Pool Study 2000 
Correlation Analysis 

Correlation Variables Compared Sample
Size r* p-value

1 Phase I Egg Mass Tissue tPCB 
And Sediment tPCBs 8 0.42 >0.05 

     

2 Phase I Metamorph Tissue tPCB 
And Sediment tPCBs 8 0.52 >0.05 

     

3 Phase I Egg Mass Weight 
And Sediment tPCBs 8 0.41 >0.05 

     

4 Phase I Egg Mass Count 
And Sediment tPCBs 12 0.20 >0.05 

     

5 Phase I Egg Mass Fertilization 
And Sediment tPCBs 8 0.07 >0.05 

     

6 Phase I Egg Mass Necrosis 
And Sediment tPCBs 12 -0.33 >0.05 

     

7 Phase I Egg Mass Hatching Success 
And Sediment tPCBs 12 0.20 >0.05 

     

8
Mean Phase I Larval Malformation 

(Gosner stage 20-24) 
And Sediment tPCBs 

8 0.86 <0.05 

     

9 Phase I Egg Mass tPCBs 
And Mean Phase I Larval Malformation 10 0.50 >0.05 

     

10 Phase I Larval Tissue tPCBs 
And Mean Phase I Larval Malformation 8 0.33 >0.05 

     

11 Phase I Specimens Completing Metamorphosis 
And Phase I Metamorph Tissue PCBs 8 0.24 >0.05 

     

12 Phase I Specimens Completing Metamorphosis 
And Sediment tPCBs 8 0.41 >0.05 
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Table 5 
Housatonic River Project 

Rana sylvatica Vernal Pool Study 2000 
Correlation Analysis (continued)

Correlation Variables Compared Sample
Size r* p-value

13 Phase II, Event 1 Larval Tissue tPCBs 
And Sediment tPCBs 8 0.42 >0.05 

     

14 Phase II, Event 3 Larval Tissue tPCBs 
And Sediment tPCBs 8 0.93 <0.005 

     

15 Phase II, Event 1 Malformation 
And Sediment tPCBs 10 0.44 >0.05 

     

16 Phase II, Event 1 Malformation 
And Phase II, Event 1 Tissue tPCBs 10 0.20 >0.05 

     

17 Phase II, Event 2 Malformation 
And Sediment tPCBs 10 0.32 >0.05 

     

18 Phase II, Event 3 Malformation 
And Sediment tPCBs 9 0.001 >0.05 

     

19 Phase II, Event 3 Malformation 
And Phase II, Event 3 Larval Tissue tPCBs 10 -0.20 >0.05 

     

20 Phase II, Event 4 Malformation 
And Sediment tPCBs 10 0.89 <0.002 

     

21 Phase II Mean Malformation 
And Sediment tPCBs 9 0.83 0.005 

     

22 Phase III Metamorph Tissue tPCBs 
And Sediment tPCBs 9 0.70 0.05 

     

23 Phase III Sex Ratio (Feminization) 
And Phase III Tissue tPCBs 8 -0.91 0.005 

     

24 Phase III Sex Ratio (Feminization) 
And Sediment tPCBs 8 -0.80 <0.05 
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Table 5 
Housatonic River Project 

Rana sylvatica Vernal Pool Study 2000 
Correlation Analysis (continued)

Correlation Variables Compared Sample
Size r* p-value

25 Phase III Metamorph Abnormality (%) 
And Phase III Tissue tPCBs 8 0.81 <0.05 

     

26 Phase III Metamorph Abnormality (%) 
And Sediment tPCBs 10 0.93 0.001 

     

27 Phase III Metamorph Weight 
And Phase III Tissue tPCBs 8 0.57 >0.05 

     

28 Phase III Metamorph Weight 
And Sediment tPCBs 8 0.20 >0.05 

*Statistically significant relationships are shown in bold text. 
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FIGURE 1 
HOUSATONIC RIVER PROJECT 

RANA sylvatica VERNAL POOL STUDY 2000 
STUDY OVERVIEW
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FIGURE 2 
HOUSATONIC RIVER PROJECT 

VERNAL POOL 2000 
REFERENCE SITE LOCATIONS
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FIGURE 3 
HOUSATONIC RIVER PROJECT 

VERNAL POOL STUDY 2000 
TARGET SITE LOCATIONS 
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